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Mt dear Friend, 
Although the discoveries in sidereal astronomy since 
the advent of the elder Herschel, have been equally 
gratifying and marvellous, there is every prospect of etill 
further triumphs for assiduity and observational skill to 
obtain. For this most desirable consummation, every 
department to which practical vigilance can render its 
aid, ought to be furnished to the utmost with sifted 
materials, in order that, from a mass of recorded facts, 
safe conclusions may be arrived at. This impression, 
together with the present number and eC&ciency of 
achromatic telescopes, induces me again to call atten- 
tion to tlie still vague and indeterminate state ia which 
the COLOURS of multiple stars are registered, with a 
word or two as to the steps for bettering it. In our 
confabulations on this material point we agreed, that a 
reprint of my foi-mer suggestions in a portable form, 
would probably attract the notice and suit the conveni- 
ence of many observers ; the present brochure was there- 
fore undertaken to carry out this view. 

The method which has hitherto been pursued in these 
examinations is both trite and inexact, having been 
mostly practised when the eye, at all times a delicate 
organ, has been fatigued by taking and reading-olf 
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measures made with an illuminated field ; and some ob- 
servers register the position and distance with the mag- 
nitudes of the objects, without a word as to their colours. 
Now I would advise that lor this purpose the ohjects be 
brought into a dark field, and only on very fine nights 
by those amalores soieiit'uB who are possessed of power- 
ful telescopes, but yet have no intention to lahour in 
that most delicate branch of celestial operations, the 
mensuration of the angle of position of double stars and 
their distance from each other. In the discrimination 
of colours zeal and ability can render good service to 
the general cause, yet without the observer's encoun- 
tering heavy work or toiling on monotonous reductions. 
Having already stated the why and the wherefore of 
the question elsewhere, it only remains to show the ne- 
cessity of acting in concert, and on a settled plan, so as 
to obtain a more exact nomenclature in j^fta. Our 
Iiaving noted the colours from fruits, flowers, vegetables, 
jewels, and the like, involves conflicting uncertainty, 
since most of those objects are of various tints. Indeed, 
as a' proof of the imperfection of such comparisons, I 
will hero cite a sample from my own practice, placing 
the inexact epithets whicl] I have used in Roman print, 
and wliat was probably meant is expressed in Italics : — 



Anietbyst 


Purple 


Apple green . 


Srowaish green 


Ash colour 


Pale dull grey 


Beet We . . 


Crimen 


Cinereous 


Woc'd-ask tint 


Cherrj-colour 


Pule red 


ColiaU . 


Bluish white 


Crenmy - 


Pale white 


Crocus . 


Deep yellou< 


Damson . 


Dork purple 


Dusky . 


Broumiih hwt 


EnierolJ . 


lucid green 
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Fttwn- CO loured 


Whiles-brown 


Flushed . 




Garnet . 


Redofvtrioiaskmlet 


Golden hue . 


Bright geUow 


Grape red 


A variety ofpurpk 


Jacinth . 


Pellaeid nrange tint 


Lemon -coloured 


Bright hill pale !/eW,i>! 


Lilac . 


Light purple 


Livid . 


Lead colour 


Melon tint 


Greenish yeUow 


Oipiment 


Bright yeiiow 


Pale . . . 


Deficient in hue 


Pearl colour , 


Shining white 


Plum colour , 


Pale piiTjih- 


Eadiah tint . 


IMlpfirple 


Ho90 tint 


Flmhed crimwi 


Ruby colour . 


PeUuctd red 


Ruddy . 


Fleih-eohured 


Sapphire . , 


Blue tint 




Reddish yellow 


Sea green 


Faint cold green 


Silvery . 


Milil white luttre 


Smalt . 


Fine deep bhe 


Topaz . 


Lucid yellow 


Vanilla tint . 


Dark brown or chocolate 



From various auspicious circumstances, the pi-esent 
appears to be a very seasonable time for bringing tills 
interesting natural feature before our volunteer as- 
tronomers ; and, as you so liberally undertook to furnisb 
them with my hints on the subject, the recommendation 
before us is launched; while to it is appended a chro- 
matic diagram, as a first step towards simplifying the 
records hereafter to be obtained. 

This pamphlet merely touches upon the common 
order of colours and their complementaries — without 
entering into the relation of the light absorbed to the 
light reflected — and by no means pretends to treat of 
the almost infinite shades and tints which philosophers 
and artists distinguish in nature. The recent discovery 
of a mono-chromatic green light occasioned by the 
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combustion of the new and curious metal Thallium, 
establishes the Kewtonian theory of the spectrum, as 
being more correct than the ostensible dogma of only 
three primary colours, which had nearly supplanted it 
of late ; n'hile the mysterious lines within the arch of 
seven primitively refracted rays, open out a wonderful 
scope in the development of planetary and sidereal 
physics. Indeed the rigorous spectrum analysis now 
in hand, as applied to the stars — albeit of operose dif&- 
culty — is rich in promise; and already do the obser- 
vations of Kirchofi", Donati, and Rutherford, with the 
masterly esperimcnts of Miller and Iluggins, indicate 
that a cause for the difference of colour may thus be 
sought in the various constitutions of the investing 
stellar atmospheres. 

But, even were those beautiful inquiries more ma- 
tured and correlative than they are as yet, the call 
now made to the effieiently-aiined amateur would not 
be the less necessary, seeing what a series of well observed 
and accurately described facts may he reaped by diligent 
appliance. 

You must well remember the attempt that we made 
in July 1829, hereafter recounted, to come to a conclu- 
sion regarding the colours of the double-star familiarly 
designated Cor Caroli ; and how eleven pairs of eyes, 
of T^'hich six couple were directed by ladies, widely dif- 
fered in their mental appreciation of the hues before 
them. Yet in the autumn of 1855, myself and two 
other observers were unanimous in pronoimcing that 
the same object was — 

A. Pnte i-eddisli white. B, Lilac ; 
the Avhich might have been more satisfactorily and 
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more exactly expressed according to the diagram herein 
proposed, in this form : — 

A. Red*. B. Purple*. 

At this last epoch, by direct experiment on the mild 
tints of Cor Caroli and the stronger ones of Rasalgeti, 
I was satisfied that, however telescopes may vary as to 
the intensity of the hue imparted, according to the 
accuracy of their chromatic correction, and even under 
different powers by the same instrument, yet the general 
tone is in fair accordance. It follows then, that the 
adoption of the proposed line of action, till a better one 
is presented, will assuredly be productive of many de- 
sirable results ; and therefore, hoping for a realization 
of the wish, I am always 

Yours very truly. 
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PART 1. 



ON THE COLOURS OF DOUBLE STARS. 

Under thta title we are not about to inflict on the reader The Auihor'e 

any of the extravagant notionB of the ancients — aye, not even 

the best of them — concerning the essence of hues and tinta, 

they being utterly unsupported either by reason or experiment. 

Nor is it intended to theorize under modem advantages upon 

light and rays, the seductions of harmony and contrast, nor to 

jump at any of the remaining uncertainties of the quesUon. i 

The present light sketch is merely handed forth to investigate 

that property of colours which affects the sight only; and, if 

the absolute tints of double stars are determined at special 

epochs, much will be contributed towards tlic mysterious laws 

which regulate such variations as may be observed. Upon 

this understanding, we will open our fire with the "following I 

extract from the Prolegomena to my 

CYCLE OF CELESTIAL OBJECTS. 
For the sake of the tyro, it may be proper to premise that the iniii^wry 
light of the two stars composing the double one is frequently ''^■"'^'"■ 
found to be of very dissimilar intensity, and often of very dis- 
similar colours; and no one who has ever directed a telescope 
to the heavens can have failed to be struck with the brilliant 
hues they present, especially such lovely objects as 7 Andro- 
meda, a Herculis, and e Boiitb. Tlie phenomenon of the 
tints displayed by the smaller stars is considered by M. Arago 
as owing to an excess of refrangible rays, acted upon by an 
absorbing force in the atmosphere of the larger star; but this 
cannot be the universal law. Sometimes the strongest of the 
two is of a yellow, red, or orange tinge, still more frequently 
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the secondary is blue, purple, or greenish, and those colours so 
palpable as to be visible in objects of the smallest magnitude. 
Now, as many of these pairs border on the extremes of the 
prismatic spectrum, the larger star being allied to the red, and 
the smaller to the violet, the exhibition may in such cases be 
the effect of contrasted complementary tints — corresponding 
to the male and female lights of Milton.* We all know that 
a white light appears greenish when near a strong red one, 
and becomes blueish when the neighbouring colour is yellow. 
In combinations of this nature some of the secondaries lose 
their colour on hiding the primary; but, as many of the 
examples defy this test, their colours are too decidedly indi- 
cated to be merely imaginary. For instance, as a Leonis is 
of a brilliant white tint, the deep purple of its comes cannot 
be an illusion, and in 8 Serpentis both the bodies are blue. 

Stnive's Esti- It will thus be Seen that this department of sidereal inquiry 
offers an interesting field for continuous investigation, and 
accordingly we find that the elder Struve has paid strict atten- 
tion to it. By his observations it is confirmed that, besides the 
white, th«re exist stars of every shade of the prism ; and that, 
when the principal body is not white, it approaches the red side 
of the spectrum, while the satellite offers the bluish of the 
opposite extreme. Yet this apparent law is not without excep- 
tions in the Catalogue before us; on the Contrary, the most 
general case is that the two stars are of the same colour, as 
will be seen in the following summary, wherein he finds 
among 596 brilliant double stars : 

375 pairs of the same colour and intensity. 

101 pairs of the same colour, but different intensity. 

120 pairs of totally different colours. 



mates. 



* On this head Sir John Herschel has remarked, that it is " probably in virtue of 
that general law of optics which provides that when the retina is under the in- 
fluence of excitement by any bright-coloured light, feebler lights, which when seen 
alone would produce no sensation but of whiteness, shall for the time appear co- 
loured with the tint complementary to that of the biighter.^^ 
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Among those of the same colour, the while are the most 
numerous, and or47(i specimens of that species he found: 



295 pairs, both white. 
1 1 8 pairs both yellowiah, o 
(>3 pairs, both bluish. 






Therefore the number of red or reddish stars is double that of 
the bluish tinge, and that of the white stars is twice and a half 
greater than the red ones. The combination ofa blue com- 
panion with a coloured primary happens: 

53 times, wlUi a white principal star. 
52 times, with u tight yellow. 
52 times, with n yellow or red. 
16 timee, with n green. 

Professor Struvc'a chromatic designations are obscurissima, o 
fibscura, pallida, livida, alba, aub-flava, flavaj sub-ca:rulca, 
cserulea, rubicunda, and rubra,* lie supposes the ninth magni- 
tude to be the outside boundary in which he recognises colour, 
but I have been much struck witJi the beautiful blue tint of 
several of the smallest stars visible in my telescope. This, how- 
ever, may be attributed to some optical peculiarity. The Pro- 
fessor found what I have also experienced, that Sir William 
HcTEchel saw most objects with a redder tinge than they have 
since proved to be o£ Thi^ may be owing to the effect of his 
metallic mirror or to some peculiarity of vision, or perhaps 
both. We know there are many examples of very shai-p eyes 
being unable to distinguish colours correctly, among whom 
may be instanced tlie late George Duke of Marlborough, who 
was an amateur astronomer, and possessed a good sight in other 
respects. There arc others who have this singular physical 
defect with regard to particular colours only, as our estimable 
countryman Dalton, who, though so conversant with the laws 
of the apectrura, could not discriminate between scarlet and 



* That raasteriy olaerier, pErpleied bj the tint of Ibe i 
Oriania, ■omen-hat teBquipedtlianl} designatea it olitnreaathntliuiMiula 
it u liglil purple, and 3e»tini called it aiure. 
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brown. So also those two celebratol men, TroiigliWn ami 
Dugald Stewart, were affectcil, but tlicir peculiarity of vision 
Gonsieted in conlusing scarlet with green, iind pink with blui.'. 
To llie former tbe ripe cherry and its leaf were of one hue, 
only to be ^atinguished by their form, yet hia eyesight was 
sharp enough for thu examination of the minutest sub-divi- 
sions upon graduated instruments. Among other instances of 
this peculiarity of the sense of coloura, 1 was greatly surprised 
on finding tliat an Intimate friend of my own (Sir G. Musgrave) 
could not perceive the strong colours of 7 Andromcdre and other 
remarkable stars with my telescope, as I was well awnrc of his 
exquisite taste and execution in missal-blazonry; hut he as- 
sured me that he cannot easily discriminate between brown 
and green; albeit I have specimens of his art in which those 
colours arc treated as well as they could be by any one in the 
Royal Academy. Sir John Herscbcl examined the eyes of 
an individual thus circumstanced, and satisfied himself that 
all the prismatic rays had the power of affecting them with 
the sensation of light, and producing distinct vision ; so that 
he conaidera this defect as arising from no insensibiUty of the 
retina to rays of any peculiar refrangibility, but ratlier us 
residing in the eensorium, by which it is tendered incapable 
of appreciating exactly those differences between the rays on 
which these colours depend.* 



The permanency or variation of Ktar-tints requires still closer 
observation before any correct deductions can be drawn. The 
ancients recognised no blue stars; they only spoke of white or 
red ones, classing among the latter Arcturus.AMcbaran, Pollux, 
Antarcs, and Betelgcuzc, which also appear red to us; but they 
added Sinus, the rubra caniciila of the poets, which, though 
expressly declared to be red both by Ptolemy and Seneca, is 
now decidedly white, and brilliantly white too. This in- 
stance affords a strong presumption that these colours undergo 



* An intelligQiiI BeamBn, CapUiii JuBoph Iludilurt, wniUi '' U( pcminB 
poulJ not diatiuguiali coloun."— See lUo FhiltHQt^mU T'lifmrtioiu for 1777. 
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changes; there are two remarkable examples of a recent date 
in 7 Leonis and 7 Delpliini, which, at Sir William Herschel's 

time of observing them, seem to have been perfectly white, 
though the 6rst pair is now of a golden yellow and reddish 
green, and the second of a bright yellow and bluish green. 
Blue stars are of modem introduction, since they are first 
mentioned by Mariotte in 1686, who supposes that they owe 
this colour to their being fainter, and free from exhalations. 
Mr. Dunlop, in the Catalogue made at Paramatta, in Sir 
Thomas Brisbane's observatory, mentions a large group of 
stars, all the individuals of which are blue — also a bluish 
nebulosity; but we have no such object in the northern he- 
misphere. Nor is it less remarkable that amidst this infinite 
variety of tints, although single red stars are frequently met 
with, there is not an instance of a solitary green, purple, blue, 
or violet- coloured one being found; and, among other sin- 
gularities, the irregularity and even absence of the principal 
prismatic shades during the phases of most of those stars that 
vary in their magnitude, is a striking phenomenon, whence 
may be yet deduced important conclusions respecting the 
velocity of different coloured rays. 

Herschel II. treating of contrasted colours in his admirable sir J. Hencbei 
Outlines of Agronomy, finely remarks: — " It is by no means, g"n^"" 
however, intended to say, that in all such cases one of the 
colours is a mere effect of contrast, and it may be easier sug- 
gested in words than conceived in imagination, what variety 
of illumination two sum — a red and a green, or a yellow and 
a blue one — must afford a planet circulating about cither; 
and what charming contrasts and ' grateful vicissitudes ' — a 
red and a green day, for instance, alternating with a white 
one and with darkness — might arise from the presence or 
absence of one or other, or both, above the horizon." Indeed 
the beautiful effects of such glorious prismatic effulgence 
among the probable wanderers, offers a tempting arena to the 
&nciful contempl&Hon of imaginative powers. 



IS 
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of old Zahn — a. zealous opponent of the Copemican system — in 
his Syntagma, remarks that the stare eliine " more like torches 
biiming with eternal flame before the altar of the Most High, 
than the lamps of the sethcrial vault, or the fiincral lights of 
the Betting sun;" and he descants on their colours, asserting 
that from tlie various hues of the fixed stars, their nature may 
ho inferred, and the planets they imitate at once known. 
Hence some are designated Satiimine, some Jovial, and others 
Martial, The Saturnine are those of a leaden or livid colour, 
and dullish; the Jovial are bright and white; and the ruaty- 
coloured ones are assignod to Mars, The Solar ones, partly 
yellow and partly red, shine very splendidly; those of Venus 
are of a box-coloured glow — VerterefE sunt liuxeee, seu huxeo 
eplfndore. clarescunt ; and the Lunar are pale and dim. Such 
was the knowledge of stellar colours in 1694; a century and 
a half has done somewhat to alter all this, 

" st^" *^"^ redoubtable colleague, Arago, treating of this inte- 
resting subject in his Astronomie Populaire, says: " The phe- 
nomenon of the colour of multiple stars has been observed 
for too short a time to expect a plausible explanation of it 
in the present day. It will be reserved for time and pre- 
cise observations to inform us whether green or blue stars 
are not suns already in course of decay. If the different 
shades of those stars do not indicate a process of combustion 
in different stages: if the tinge with an excess of tlio more 
refrangible rays which the smaller star frequently exhibits, 
does not arise from the absorbing power of an atmosphere 
which might be developed by the action of tlie usually more 
brilliant star which it accompanies," &c. Euge ! Now here 
is blue ruin with such a vengeance that we can but marvel 
at the temerity of a worthy savant bi ventilating so hasty 
and wild a supposition; but theory, especially when unsup- 
ported by crucial or instantial facts, is mighty prone to 
treading upon hot ashes. 



H( 



r present thirst for exact knowledge, it will 
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be as well to admit tlie reasonableness of tlie De Coverley 
maxim, in tliat there is aometUng to be Eaid on all sides, for, 
^cc the foregoing remarks were first printed, inucli has been 
achieved among the Variable Stars, as well those which are 
proved to be periodical in their changes of liglit or brilliancy, 
as others which are yet only to be termed versatile. It is a 
promising field for exploration, even though the physical 
nature of the fluctuating bodies may continue to remain a 
latent mystery; at present they must be classed with those pos- 
tulates regarding which Sir John Hcrschel pithily observes, 
" it is easier to propound questions than to offer satisfactory 
replies to them." 

My indefatigable friend Mr. Hind, who has worked to H'"' 
admiration among the Variables, has noted that these stars, 
especially the fainter ones, have generally a ruddy tint; upon. 
which Mons. Arogo thus dilates: — "Might there not be 
some connexion between this remark and the observation 
made by the same astronomer, that variable stars at the 
instant of their minimum brightness appear surrounded with 
a kind of fog? Supposing the existence of this fog well 
established, we should be on the road to the explanation of 
these singular phenomena. Perhaps we may arrive at the 
conclusion that a star's variations of brightness arc due, not 
to a perfectly opaque planet revolving round Jt, but to 
cosmical clouds, which, by a similar movement of revolution, 
would be successively interposed between those bodies and the 
earth." 

Now whatever may hereafter prove to be the upshot of our 
" opinions quaint," it must be received as a crucial fact in the 
disciission, that nine of Hind's Variables are recorded as being 
red, and one absolutely aiinson, like to " a blood-drop on the 
black ground of the sky." The fog or haze at the minimum 
was palpably obvious, and in several some very decided changes 
of colour took place at different stages of their light-curve, 
for instance, K Geminorum, announced by its discoverer as 
passing through blue, yellow, and red, durmg the 371 days of 
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the gradations in its lustre, which is fully confinned by the 
accurate Air. Norman Pogson. Besides the detection of the 
above-mentioned crimson star, Mr. Hind thus wrote me from 
Regent's Park under date of the 14th January, 1850: — 

I also avail myself of tliis opportunity to mention tUal, in October 
184S, I remarked a most fiery or scarlet star on tlie confines of Lepus 
and Orion, ^(1850) 4h.32m. 43 s. and N PD 1M"2'. Thia \a b;/ far 
tbe moat deeply- col cured of any tliat I Uaye yet seen, and in striking 
contrast with a beautifully white star preceding it one minute. It ia not 
inserted in Sir John IlerBchel's Catalogue of Red Stars, there is no al- 
lusion to it in your " Cycle," nnr can I find any previous notice of it; 
yet I am doubtful whether I can have first discovered this remar'kable 



The same diligent observer on the night of the 28th of 
April, 1848, suddenly perceived a red star of between the 
fourth and fifth magnitude, very conspicuous to the naked eye, 
in the region of the Serpent -bearer, in M 16 h, 51 m., and in 
Dec. — 12'^ 39', where, from a thorough acquaintance with the 
spot, he felt assured, and could state positively, that no star 
down to the tenth magnitude had previously existed. It was 
to unassisted vision as bright as v Serpentis. I happened to 
bo absent from home when Mr. Hind sent me notice of this 
" Mira Ophiuchi," nor was it till the end of June that I was 
able to get a telescopic glimpse of tt wlien it had dwindled to 
about the eighth degree of lustre only. From the time of its 
discovery the stranger continued to diminish, hut without 
altering its position; and, before the advance of the season 
rendered observations impracticable, it had nearly disappeared. 
But, although it has been watched from 4*5 to below I3"5 
magnitude, it cannot as yet be enrolled among the periodical 
Variables, and for the present must remain under the designa- 
tion of Hind's Changing Star. 

In the present stage of inquiry — an inquiry of no small 
moment in universal phyMcs — the Variables can hardly be 
■placed in the same category with the Double Stars to which 
I am drawing attention; for, though some of them may be 
cosraically changeable in colour, the conditions must be essen- 
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tiaily different between a single star like the above-cited 
K Gerainoruin , ranging to our eyes from tlie Beventh to 
the eleventh degrees of brightness, and such a steady bold 
double object aa 95 Herculia — for which see the Appendix, 
Both classes, however, are proved to be entities, and it remans 
to watch the Variables through their curves of light with 
unremitting diligence, in order to arrive at more satisfactory 
results. Some of the temporary phenomena, noted in low Stars, 
may be caused by the mutable conditions of the earth's atmo- 
sphere and the interference of light; but it is certain that 
most of the variations above alluded to, are entirely indepen- 
dent of any effect which the said atmosphere could produce. 

In the Spei-ulum Hartwelliamrm, page 128, it is shown Tariabie Sur 
that on engaging Mr. N. R. Pogson as Dr. Lee's astronomical 
assistant, an express condition was, that a special scrutiny be 
made into the desiderata of those wondrous bodies relative 
to which we have just spoken ; and such was his diligence 
that, vrithin the short space of two years, twenty maps of 
known or suspected Variables, together with the chief recorded 
Temporary stars, were in so advanced a state of preparation 
as to be nearly ready for engraving. But, being suddenly 
called away, in order to assume the Directorship of the import- 
ant Observatory at Madras, he carried the results of his former 
labours with him, to superintend their due completion; when, 
with the express permission of Government, the work will be 
pubHshed under the title of Habtwell and Madras Atlas 
OF Variable Stabs. 
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DOUBLE STAR COLOURS CONTINUED. 

Opening pe ^^ consecution of this fascinating subject, we will now follow 
^^^^- the period of 1844, the date of the " Cycle," by that of 1860, 

the year in which the Hartwell Continuation appeared; after 
a further advertence to most of its matter, and considerable 
correspondence on the several points connected therewith* 
It has been suggested to me that some colours may undergo 
pulsations, but the adduced instances are mostly at low alti- 
tudes, where atmospheric influences are prevalent; and there 
may be a want of rigorous correction of the residual spectrum 
of the refracting telescope. But embarrassments in the outset 
of any enterprize only enhance the value of proven examples. 

It may be noted — en passant — that a slight perturbation 
pervaded the minds of observing neophytes on the averment 
pronouncing that there are only three primary colours, namely — 
red, yellow, and blue; and that the other four— orange, green, 
indigo, and violet — are de facto produced by combinations of 
the former, and are therefore secondary or compound colours. 
This is, however, comparatively easy, as well to suggest as to 
adopt ; but when an arrogant Goethe — unversed even in first 
principles — steps forward in the pride and panoply of popula- 
rity to explain the physiological and chemical qualities of 
the same, in order to demolish the ** nauseous precepts 
of Newton," we are really taken aback by his temerarious 
effrontery. Only think, that because the artists in mosaic 
at Eome are said to employ 15,000 varieties of hues — each 
of which has 50 shades from the darkest to the lightest — he 
would saddle us with 750,000 different tints; and be it ob- 
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served, tte workmen in mosaic ubo opaque colours only. 
The intellectual giant Lad no bueinoss to go beyond bis proper 
literary bounds, and poach upon science. 

In now resuming our tbcmc, we will submit a reprint, 
with increment, of the Vllth Chapter of the — 

SPECULUM HAETWELLIANUM. 

First ibe flaouing red 
Sprung vivid forth ; the tawny orange next ; 
And next delicious jellow ; bj whose tide 
Fell the kind beaius of oil-refreshing green. 
Then the pure blue that swells aututntial ekies, 
£thereal ptaj'd ; and then of sadder hue, 
Emerg'd the deepen'd indigo, as when 
The heavy-skirted evening droops with frost. 
Whilst the last gleamings of refracted light 
Dy'd in the fainting violet away. 

TUDMSO.V. 

In the Cycle oi' Celestial Objects (vol. i. page 300-4) I have The 8«cini 
dwelt generally upon the colours of double stars; and in the *''""'"''""'■ 
Bedford Catalogue, which forms the second volume of that 
work, have assigned such colours to all the objects as gtruck 
me at the time of observation. It seems that towards the 
close of the labours of Signer Benedict .Seatini, of Kome, on a 
very extensive catalogue of stars, my book reached his hands, 
and led him to fonii the table which he has appended to 
his volume,* in hopes that the colours of stars may be more 
strictly watched. The conclusions which he had arrived at 
were, that of two thousand five hundred and forty stars (those 
of Baily's Catalogue observed at Eome) the yellow stars are 
about half the total number, and equally distributed; the 
white stars are one-fifth, in ecattered portions; and the orange 
rather more than one-fifth. The red and the blue are rare 
from the Pole to 30° of north declination; the blue then 
become numerous (= y) to the Equator, especially from 



• A selection (roin these, Iwentj nine in number, wu cammnnicBted bytheloM 

Proftasor do Vico to SchaciMber al Altona, in 1818; who piihlislied ihe detula 
in No. eS4 of tlie Ailronomisehe Naclirichlen. 
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M IS*" to 20"ij and the red abound from 0° to 30"' south dccli- 
uation, und m IB"" to 20''. 

On Signor Sestini's inBtituting the comparisons wliicli lie 
has described in hie work, he carefully recorded the dates, as a 
Btcp to ascertaining whether the colours may or may not be 
found to vary with time. Political fiiror — a deadly foe to 
science — drove De Vico, Sestini, and other distinguished 
members of the CotlegJo llomano, from their counti-y; and 
the two former sought and found an asylum in America. 
In passing through London, Professor De Vico had given 
mc notice of the use to which my Cycle had been applied; 
aud I afterwards received a copy of Sestini's work, with the 
Ibllowing letter from tJie worthy author in English, dated 
Gcorgc-tomi College, March 19th, 1849: 

Soun after I bad completed this collection of obseTvations, I conceived 
tbe design of sending n copy to you, not only m a mark of reepectful 
esLeem, but also from having profited by your Celestial Cycle in the ar- 
rangement and comparison of tbe observations that I myself bad made in 
the Observatory of the Boman College. But the unmerited expulBion 
and exile that I and mj brethren bave suffered, have obliged me toleavs 
almost everything, and the printed copies of tbe little J/emon'a remained 
in the printer's hands, where I think they are yet. J^uciuly, a while ago 
I found a few copies in a trunk, sent to mc after the death of our dear 
De Vico, Therefore I send you now what I could not send you before, 
and at the same time, and without troubling you, I would desire to know 
what you advise upon this sort of observations. And, as I Iiave the same 
objective glass of Caueboix that 1 have used in Rome to collect these 
observations, I desire to know if you approve a review, not entirtly 
but sufBcientiy general in order to examine If the difference of the 
climate have any iuftuence on tbe colour of stars. You can also, if 
you please, suggest more advisable means than those 1 have adopted, 
and I should be very happy if tbe opportunity of having the same and bo 
good an oljjective glass that I have used for ten years in Italy could give 
me the means of lending some advantage to the science : what so liincere 
a lover of this beautiful science as you are can easily find. On another 
occasion, and when I become better acquainted with the English lan- 
guage, I hope to thank you for all your favours and kindness. Then 
also will I tell something of the new observatory of this George-town 
College, erected and very well furnished by the care of M. Curley, a very 
able aud iudusfrious professor, my colleague. 

The observations made and published with ray first Memoria k 
printed and collected together with oil the others of this second Memoria 
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Kcvertbeles3, if I bod here a <^op7i I would join to the Becood, and I 
would send botli to 70U. 

In reply to Signer Seslini, I expressed my eatisfaction witli Kemnrka to 
tlie course of his inquiries, as they might yet be of great value 
in a very interesting branch of physical phenomena. He should, 
however, remember that the colours recorded in ihc Cycle were 
frequently noted after the eye was fatigued and biassed by pre- 
vious working in an illuminated field, and reading minute di- 
visions on gradiiated micrometer- circles. There were also the 
imperfections of the sight, the materials of the object-glass, and 
the various atmospheric media to be considered before any 
crucial exactness couid be expected ; but that still, under every 
objection, approaches to satisfactory conclusious must inevitably 
follow stricter attention to the subject. I therefore recom- 
mended occasional references to the heavens for this object 
only, with the eye kept in sharp order for the purpose, having 
carefully tested the capacity of that organ in strictly iden- 
tifying the several gradations of colour. Many of the tints 
of stellar companions would of course turn out to be merely 
complementary contrasts; but the inherent colours would be- 
come additionally valuable, as strict observation upon them, 
under efficient means, advanced. Indeed, I added, it may be 
considered as fully proved, that the hue of some stars ia not 
the effect of contrast, but a physical reality.* 

The unfortunate exiles — De Vico and Sestini — obtained a Death of Do 
refuge in George-lown, on the banks of the Potomac, in the 
United Slates; hoping for employment in the newly-erected 
observatory there. Shortly afterwards, in furtherance of in- 
struments and other scientific objects, the former recrossed 
the Atlantic Ocean ; but, worn with fatigue and anxiety of 
mind, he died in London on the 15th of November, 1848. 



* Seochi (OuHtatorio del CoUtgio Romano) ssfB -" Until now a iDeaa 
besD mnting to decide the degree of cotonr ot doatile titan with precision, 
do not deceive mjiKlf I have luocoeded, at leut to indicate a means bj wtiji 
can delennine il without miatake in centuries to cume : this laeani ia d< 
from the Bpeclrum of the eleotrio epark {qneilo meiio e duitido dallo ipeUro 
tcintilla eltlliiea), tad I till] thew it in oouclunion. H; atlempla hilhed 
Vfanl of time and appsrotui, haie not been reduced to practice." 
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Though uBually known as a successful comet-liunter, De Vico 
was alive to all other branclica of celestial research; and he 
had promised me that, whenever opportunity offered, he would 
follow lip " i colori insigni dellc stelle." 
dies' aid The question is pregnant with interest; and, considering that 
''■'' '"■ it may be advantageoufily encountered by any diligent, sharp- 
sighted amateur who, possessed of a good telescope and in- 
clined only to easy and pleasing work, is nevertheless zealous 
to become useiiil in the cause of knowledge, I have herewith 
subjoined the list of chromatic comparisons of Sestinj's ob- 
servations with mine; to which are added those colours which 
I have since noted at Hartwell. Several of them were con- 
firmed in direct comparison by Dr. Lee; it was an occasion 
on which the eyes of ladies also were prized, and the tints 
were mostly pronounced without reference to the older records. 
Here follow the details: — 
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ON THE COLOURS OF DOUBLE STARS. 







SMYTH. 


8K8TINI. 




SMYTH. 


stars. 


Cyclo No. 










Epoch. 


Colours. 


Epoch. 


Ck>lours. 


Epoch. 


Colours. 


e Sacfittffi .... 


704 


1833*8 


A. Pale white 

B. Light blue 


1844-5 


A. Yellow 

B. Bluish yellow 


1850-6 


A. Faint yellow 

B. Bluish 


54 Sagittarii . . . 


705 


1837-6 


A. Yellow 

B. Violet 


1846-6 


A. Orange 

B. White 


1850-7 


A. Yellow 

B. I*ale lilac 


^Sagitt» .... 


718 


1838-6 


A. Silvery white 

B. Blue 


1844-5 


A. Ydlowish white 

B. Azure 


1850-6 


A. Flushed white 

B. Cerulean blue 


56 AquU8B .... 


722 


1834-6 


A. Deep yellow 

B. Pale blue 


1846-5 


A. Yellow 

B. Yellow 


1850-6 


A, Yellow 

B. Bluish 


» Cephei .... 


743 


1838-8 


A. Bright white 

B. Smalt blue 


1844-6 


A. Yellowish 

B, Ajture 


1851-3 


A. Pale yellow 

B. Blue 


Y Delphini . . . 


762 


1839-7 


A. Yellow 

B. Light emerald 


1844-5 


A. Orange 

B. Yellow 


1850-7 


A. Golden yellow 

B. Flushed grey 


c Eqanlei .... 


770 


1838-8 


A. WhiU 

B. Lilac 


1844-5 


A. Oold orange 

B. Ature 


1851-4 


A. Pale yellow 

B. Bluish lilac 


1 Pegasi .... 


782 


1833-9 


A. Pale orange 

B. Purplish 


1844-5 


A. Orange 

B. Ature 


1851-4 


A . Deep yellow 

B. Lilac blue 


/3 Cephei .... 


789 


1843-1 


A. WhUe 

B. Blue 


1844*6 


A. }Vhite 

B. White 


1851-3 


A. Yellowish 

B. Flushed blue 


3 Pegasi .... 


790 


1837-8 


A. WhUe 

B. Pale blue 


1844-5 


A. }rhite 

B. Yellow 


1850-5 


A, Flushed white 

B. Greyish 


e Pegasi .... 


794 


1833-6 


A. Yellow 

B. Blue 


1844-5 


A. Oold yellow 
B Axure 


1851-4 


A . Brigfit yellow 

B. Blue lilac 


H Cygni .... 


795 


1839-6 


A. WltUe 

B. Blue 


1844-5 


A. Yellow 

B. Afore yellow 


1850-6 


A. WhUe 

B. Pale blue 


29 Aqaarii .... 


800 


1830-8 


A. Brilliant white 

B. White 


1846-5 


A. Red orange 

B. Same, lighter 


1852-7 


A. White 

B. Bluish 


f Cephei .... 


802 


1839-6 


A. Bluish 

B. Bluish 


1844-6 


A. White 

B. Yellowish 


1851-4 


A. Flushed 

B. Pale lilac 


^ Aquarii .... 


813 


1842-6 


A. Very white 

B. White 


1845-8 


A. Orange yellow 

B. Pale yellow 


1849-2 


A. Flushed white 

B. Creamy 


6 Cephei • . . . 


815 


1837-7 


A. Orange tint 

B. Fine blue 


1844-6 


A. Orange 

B. Azure 


1849-2 


A, Deep yellow 

B. Cerulean blue 


t1 Aqaarii. . . . 


822 


1838-7 


A. White 

B. Pale garnet 


1845-8 


A. White 

B. Azure 


1849-2 


A. Pale white 

B. Flushed 


\l/i Aquarii .... 


838 


1834-9 


A. Orange tint 

B. Sky blue 


1845-8 


A. Oold 

B. Azure 


1850-8 


A. Topaz yellow 

B. Cerulean blue 


94 Aqnani .... 


884 


1838-9 


A, Pale rose tint 

B. Light emerald 


1845-8 


A. Orange yellow 

B, Orange 


1850-8 


A. Orange tint 

B. Flushed blue 


101 P. XXIII. CasBiopesB 


889 


1830-9 


A. Light yellow 

B. }Vhite 


1844-6 


A. White 

B. Yellowish 


1852-7 


A. Pale white 

B. Yellowish 


107 Aqaarii .... 


844 


1832-8 


A. Bright white 

B. Blue 


1845-8 


A. Yellowish white 

B. Yellowish 


1850-7 


A. WhUe 

B. l*urplish 
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All the di^rences in the above list are subject to several ■* 
doubts, and many of the records liave been noted without a 
very strict attention to the question. In the Cycle, the 
many disagreements are mentioned between the tints of stars 
as given by Sir "William Herschel and myself; and the 
anomaly ib partly accounted for by his peculiarity of TiHion, and 
partly by the composition of metal in hie reflectors. But I am 
at a loss why refractors should differ so widely as here shown; 
and therefore hope the subject will be more closely pursued 
than it has hitherto been. We are aware that the notations 
independently made at various epochs will vary in term, 
though to the observer'B mind they may mean nearly the same 
tint; still some of the differences mentioned by Signoi 
Sestini lo liia interesting Memoir are singularly striking. 
He says — " Now, beginning with the companion of 7 An- 
dromediB, we have Smyth emerald-green and Sestini white; 
but Herschel and Struve at another date call it azure. More- 
over, observing it again after a lapse of two years, and four 
years after Smyth, I find it no longer white, but a strong 
blue !" And again — " Now see B (95) Herculia ; accoiding 
to Smyth one is greenisli and the other red ; but we think 
them botli a golden yellow. A Ophiuchi, by Smyth, one 
ruddy and the other pale yellow ; but we take them to be 
both orange. The contrary occurs in i Bootis, the com- 
ponents of which by Smyth are both pale yellow; hut we 
deem one to be orange and the other azure." 



Under the circumstances already alluded to, I am not at Sir Da^ij 
this stage dtspt^ed to theorise on the objects thus brought EiperimBnt. 
into jiixta-position: and the colours of double-stars must be 
much more accurately assigned, and more ably experimented 
upon, before we can really admit that the nature and character 
of those Buna actually do change in short periods. Sir David 
Brewster observes, that there can be no doubt that in the spec- 
trum of every coloured star certain rays are wanting which exist 
in the solar spectrum ; but we have no reason to beHcvc that 
these absent rays are absorbed by any atmosphere through 
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which they pass. And in recording the only observation per- 
haps yet made to analyse the light of the coloured stare, he 
says; — " In the orange-coloured star of the double-star f Her- 
culia, I have observed that there are several defective bands. 
By applying a fine rock-salt prism, with the largest possible 
refracting angle, to this orange^^tar, as seen in Sir James 
Soulh's great achromatic refractor, its spectrum had the an- 
nexed appearance (in the Canipden Hill Journal), clearly 
showing that there was one defective band in the red space, 
and two or more in the blue space. Hence the colour of the 
star was orange, because there was a greater defect of blue 
than of red rays." This instance shows, that an approxima- 
tion by instrumental means to the spectra of the brighter 
stars ought not to be despaired of; and that prospect should 
not admit of any relaxation in our present motive call. 



In the year 1 856, on my son's going to the island of Toneriffe 
to make his "Astronomical Experiment," it occurred to me that it 
wouldbeasingularly fineopportunityto test sidereal polychromy; 
since it would be marked from a spot where some thousands of 
feet of the grossest portion of our atmosphere are eliminated. 

This meritorious expedition, which "at once converted into 
an actual and successful fact a theoretical idea, long thought 
well of, but never previously carried into practice," may be 
recognized as the foundation of the branch so appropriately 
designated Mountain Astronomy/, Indeed the advantages of 
elevated stations are sufficiently obvious to countenance the 
hope of reaping, thereby, results of the utmost importance to 
knowledge. Newton himself sounded a tocsin to this effect, 
in asserting that telescopes " cannot be bo formed as to take 
away that confusion of rays which arises from the tremors of 
the atmosphere. The only remedy is a most serene and quiet 
air, such as may perhaps be found on the tops of the highest 
mountains above the grosser clouds." It was under a convic- 
tion of this truth — and having a persona! knowledge of both 
sites — that I earnestly wished my friend LasseU to plant his 
huge equatoreal on JStna, instead of Malta. 
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Such being the justifiable expectations of the problem^ my 
son accordingly scrutinised the following stars from the 
** Cycle*' for me; they having been chosen out of those 
objects which then happened to be in apparition from the 
mountain^ during his interesting continuance upon it. The 
observations were made at two stations : the colours noted on 
the 29th of July and 4th of August were examined with the 
5-foot Sheepshanks equatoreal, at Guajara, a height of 8870 
feet; and those of September 4th, 5th, and 6th, were made 
with the Pattinson telescope of 7*25 inches aperture, and 
parallactic movement, at the Alta Vista, where the altitude is 
1 1 ,000 feet. The following are his registered results, with com- 
parisons from the "Cycle;" which last are of various dates from 
1830 to 1843:— 



OBJECTS. 


TEXERIFFE. 


BEDFORD. 




JULY 29tli. 


c Herculis 


A. Cadmium yellow B. Greenish . i A. Orange . . B. Emerald, or hlu- 


39 Ophiachi 


A. Pale yellow . B. Faint blue . A. PaU orange . B. Blue [isk green 


5[V?JSerp€ntw . 


A. Pale yellow . B. Warm lilac . A. Pale yellow . B. Ldght grey 


^ Herculis 


A. WhiU . . B. Bluish . 


A. Blueish white . B. Pale emerald 


95 HercolJs 


A. WhUe . . B. WhiU 


A. ldght applegreen B. Cherry red 


70 Ophiuchi 


A. Pale yellow . B. Greenish . 


A. Pale topaz . B. Violet 


a, Lyra 


A. White . . B. Violet 


A. Pale sapphire . B. Smalt blue 




1 
AUGUST 4th. 


m, Herculis 


A. Cadmium yellow B. Greenish . 


(as abovz) 


95 Herculis 


A. and B. both yellow with tin^e of bluish 

green. 


(as above) 


70 Ophiucbi 


A. Yellow . . B. Warm green 


(as aJbove) 


5 Aquilae 


A. Pale yellow . B. Bluish, C. Blue 


A. White . . B. TAUu:, C. Blue 


28 AquilsB 


A. White . . B. Blue 


A. Pale white . B. Deep blue 


^ Cygni . 


A. Pale yellow . B. Blue 


A. Topaz yellow . B. Sapphire blue 


186 Antinoi 


A. Yellow . . B. Blue 


A. Pale white . B. Sky blue 




8£PTEMB£B 4th. 


c Scorpii . 


A. Coppery red . B. Blue 


A. Fiery red , B. Pale 


m. Herculis 


A. Orange . . B. Greenish , 


(as above) 
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OBJECTS. 


TENERIFFE. 


BEDFORD. 




SEPTEMBER 4th-co/iftittMd. 


C Sagittffi 


A. Yellow . 


B. £/u€ 


A. Silvery white « B. ^ic« 


K Capricomi 


A. Ytllow . 


a. ^^t(« 


A. Pale yellow • a. ^/ic« 


1 Pegasi . 


A. YtllovD . 


B. jB/tt« 


A. Pale orange . B. Purplish 


/3 Cephei 


A. WhiU 


B. Pttrp/« . 


A. irAi<« . B. Blue 


3 Pegasi . 


A. Whitiih . 


B. IFarw ^ey 


A. irAtte . . B. PaU blue 


( Piaoium 


A. Ydlow . 


B. (?r«y 


A. jSt/wr whits . B. PoZe ^rey 


y Arietifl . 


A. White . 


B. irAt<« 


A. Bright white . B. Pale grey 


X Arietis . 


A. Pale ydlov> 


B. Zi]^A< lilac 


A. Yellowish white . B. £/tt« 


a. Piscium 


A. WhiU 


B. TFAi<« 
SEPTEMBEB 5th. 


A. Pa^e green . B. £/u« 


« A.quiliB 


A. Pale yellow 


B. Grey 


A. Pa;< yellow . B. ru)Z<?< tt«< 


y Delphini 


A. Cadmium yellow 


B. Greyish tinge , 


A. Yellow , , B. Light emerald 


r Aquarii 


A. Liffht yellow 


B. Pa/« Moici 


A. irAi<« . . B. Pale garnet 


m. Piscis Australia 


A. White 


B. Blue 


A. Reddish . . B. i>t£«il-y 6/i(€ 


•^ Aquarii 


A. Cadmium yellow 


B. 5^«« 


A. Orange tint . B. Sky blue 


94 Aquarii 


A. Yellow 


B. Zi^A< warm lilac 


A. Pa/e rose-tint . B. 2^A^ ^m^ra/c^ 


101 Cassiopese 


A. Liffht yellow 


B. &r«y» b. hlu^ 


A. Light yellow . B. ITAtfg 




C. Blue 


n. FVofef 


C. Blue . . . D. (not noticed) 




107 Aquarii 


A. Pale yellow 


B. TTAite 


A. 5r^A< wAite . B. Blue 


35 Piscium 


A. Yellow . 


B. Pale violet 


A, Pale white . B Violet tint 


113 Ceti . 


A. Jtich yellow 


B. >Fa)w grey 


A. Cream yellow . B. Smalt blue 


y Arietis . 


A. Light yellow 


B ZtyA< yellow 


fa* above) 


222 Arietis . 


A. Grey 


B. 5/i«<? 


A. 7(opa« yellow . B. 2>0€p 6/i*« 




C. Z/toc 
A. WhiU 


D. FeWow . 
B. White 


C. Xttoc . . D. Pafe 6/«t€ 
(a^ above) 


m. Piscium 


y Andromedse . 


A. Orange 


B. aTw? C. G^*<^ . 


A. Orange . . B. Emerald green 


32 Eridani 


A. Orange 


B. Greenish , 
SEPTEMBEB 6th. 


A. Topaz yellow . B. Sea green 


0- Cassiopese 


A. Pale yellow 


B. Light blue 


A. Flushed white . B. i9ma/< 6/ie0 


85 Piscium 


A. Pale yellow 


B. Pale lilac 


f <M ahove) 


113 Ceti . 


A. Yellow 


B. TFarwt ^rey 


(as above) 


146 Ceti . 


A. Yellow 


B. Pale violet 


A. Pa/e topcw . B. Fio/e< <i»< 


ff Cassiopeje 


A. Yellow 


B. Indian red 


A. Pafe wAi<€ . B. Purple 


65 Piscium 


A. TF^ite 


B. TFAi7e . 


A. Pale yellow . B. Pale yellow 


•^' Piscium 


A. IVAite 


B. IKArt« 


A. Silvery white . B. Silvery white 


^ Piscium 


A. TTAite 


B. Reddish . 


(as above) 
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In the preceding list there seems to be a very general simi- O™^^ di*cus- 
larity of eye-judgment between my son and myself; whence it foregoing list. 
would appear that the difference made by 11,000 feet of the 
lower atmo^here on the colours, is not so great as might have 
been anticipated. But the most striking and inexplicable 
difference in the comparison is that of 95 Herculis; for, in the 
observations at the Peak of Teneriffe, the tints of the two 
stars — though not quite the same at each examination — were 
judged to be common to both, and the impresdon was ratified 
by the evidence of some Spanish visitors at the astronomical 
aerie. Not a little taken aback, however, by the unexpected 
announcement — the more unexpected in consequence of the 
general agreement which existed throughout the list, even in 
some of the most delicate hues — I took the earliest oppor- 
tunity of returning to the charge, when there was the A apple 
green and B cherry red, as recorded by me nearly a quarter 
of a century before ! To avoid all suspicion of bias 1 invited 
my colleagues to the task, and soon received an answer from 
Str. Dawes, saying — " On referring to my colour-estimations, 
I find that they agree very nearly with your owu." Lord 
Wrottesley pronounced A to be greenish and B reddish in 
1857'46; and at the same epoch Mr. Fletcher reported that 
A, to his eye, was light green and B pink; while to hia 
brother H. A, Fletcher one was bluish green and the other 
orange, and to Mr, T. W. Carr A was either light blue or 
green, and B dull red. To add to the perplexity of the in- 
stance, Sestini saw them both golden yellow at Rome, in 
1844; while hia colleague, De Vico, in the memoirs of the 
" Osservatorio del Coliegio Romano," in the same place and 
with the same instrument, dubs them " rossa e vei-de." As- 
suredly this is most passing strange, since the means in these 
cases were pretty equally powerful, and chromatic personal 
equation — or the fiiculty in a greater or less degree of ap- 
preciating differences of colour, cannot be entitled to con- 
sideration with the discrepanciea of 95 Hercuhs. 



Under our present practice, various difficulties are pre- Chi 
C2 
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sented, for the designation of hues uttered in mere parlance by 
several persons often means the same tints in different words, 
and these will not always quadrate with the chromatic lan- 
guage of photologists. The wonder, however, is not so great 
that, without a due nomenclature, we should differ so much 
from each other, and even from ourselves at different dates, but 
rather that, with such an unorganized practice, so many in- 
stances should coincide relatively. In many cases the dif- 
ference of colour in the components of a double star are 
real; but when they are merely complementary, the fainter 
of the two may possibly be a white star which appears to 
have the colour complementary to that of its more brilliant 
companion. This is in consequence of a well-understood 
law of vision, by which the retina of the eye being excited 
by light of a particular colour, is rendered insensible to less 
intense light of the same hue, — so that the complement of 
the real light of the fainter star finds the retina more sensible 
to it, than to the ray which is identical in colour with the 
brighter star ; and the impression of the complementary tint 
accordingly prevails. But the accurate perception of the 
colour of a celestial body often depends as much on the 
condition of the eye when the object is seen, as upon the 
object itself; and possibly the achromatism of the object-glass, 
which, being adapted to the solar spectrum may not be 
suitable to the spectrum of a star, ought to be taken into 
account; as well as a nice adjustment of the eye-piece, to 
lead to a discrimination between real and illusive appearances. 
The powers of colours in contrasting with each other, agree 
with their correlative powers of light and shade; and such 
are to be distinguished from their powers individually on the 
eye, which are those of light alone. It may assist the memory 
of the inexperienced observer, to remind him that the primary 
colours and their complementaries are in these relations — 



BED . . 


• 


QBEEN 


BLUB . . 


• 


OBANGE 


YETJiOW . 


. 


VIOLET 



and from these a scale may be readily drawn up of the 
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subsidiary tinta and their opposites (the male and female 
lights of Miltoa*), through all the twistinga of Iris: and if 
he will hear in mind the laws of Iiarnionioua alliance and 
contrast of colour — that yellow is oi' all hues the nearest 
related to light, and its complementary violet or purple to 
darkness — that red is the most exciting and positive- of all 
colours, and green the most gratefiil — that blue is the coldest 
of all hues, whilst orange la the warmest — much of the ap- 
parent mystery of harmonizing the multiplied tints of primary, 
secondary, and tertiary colours, will he readily accounted for. 



In the present incertitude, it is suggested that variations Tibiationa o 
iu colour may be owing to vaiiationa in stellar velocity; hut 
in this case would there not also be as palpable a variation 
in brightness! If it shall he found that the tints actually 
vary, the comparative magnitude should also be carefully 
noted, to establish whether a variability in brightness ac- 
companies the changes of colour. Sestini, however, does 
not view the matter in this light: he holds that the undula- 
tions of each colour arrive in suecession to our eyes, and that 
therefore at last, when they have all reached us, the result will 
appear white. In arguing the oircuraatances neceaaary for 
the caae^ — aa the strength of vibrations with their number 
and velocity in a given time — he cites Huyghena, Euler, 
Young, Fresnel, and Arago. Quoting Herschel's data, he 
observes, that five hunilred and thirty-six billions of vibra- 
tions cause ua to see yellow, while six hundred and twenty- 
five billiona exceed the number that shews blue: that is, 
when the tangential celerity of the moving star in relation 
to its companion, comes at its maximum to equal one-thir- 

Moon, ii M old M the UaiB. Plinj, iu his CrciflCJEDU {/ill. (i. cnjj. ICO antilOl,) 
DientiaiiB it u s cnadiiion " whu^h we luve lieen Uught j" snd he details the 
inHuencea ot the mnsculiue snd feuinine stars. Here, probably, Hilton imijibeil 
the bint to wbich 1 aUuded in the Cjclo (I. page 301} — 

■' Olber «uns, pia'biips, 

With thflir uttendMit moanB, thou wilt deKiy, 

Cammuaicatlng lucifii aml/emalc liglit.^' 
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toonth of tbat nf light. Its f^recn colour will cliangc m- 
senslbly into yellow on increasing its distance, and then, 
receding tlirougli the same steps, it wilt again become greenj 
beyond which, as it approaches the eye, it will become a fall 
bhic; finally, in the inverse order, it will turn to green, and 
so on. But tliis explanation is not admissible, as may be 
readily shown : for instance, if we accelerate the velocity ol 
the star to one-fifth of that of light, we shall have the number 
of vibrations corresponding lo red = four hundred and eighty- 
one billions, and seven hundred and twenty-one billions, 
which exceeds that of violet. In this supposition, the green 
star when furthest from its companion will become red, and 
when approaching it must be of an intensely strong violet 
tinge; aller which, owing to its circular orbit, it will in 
receding again become green, thus passing through all the 
colours of (he spectrum. These are the ratios — 

536:C25::i~,'3 : i+-^::ii'. i4::6:7. | 

481 : 72i::i— I : 1+ J :: 4 : 6::2:8. 

Admitting these and the like grounds, as the laws of new 
stars and binary systems may be somewhat elucidated thereby, 
I strongly recommend repeated examinations of the brightness 
and colours of stars to the well-equipped amateur, who is 
also happily possessed of a good eye, perseverance, and 
accurate notation. But even thus prepared, 1 would advise 
him, before entering upon the undertaking, to study well 
the third chapter of the great work of my highly-esteemed 
friend Sir John Herschel, on the Uranography of the Southern 
Hemisphere: it treats of Astrometry, or the numerical ex- 
pression of the apparent magnitudes of the stars. In a more 
advanced state of this question the measurement of brightness 
should always accompany that of colours, since a change in 
the one might possibly produce variation in the other: and 
who can say that numerical measures may not be made "with 
such extreme precision hereafter, that the distance of stars 
tliereby may be given? The observer roust not however be 
unnerved by the difficulties, some of them apparently in- 
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superable, which beset the inquiry : nor by the philosopher'a 
assertion that " nothing short of a separate and independent 
estimation of the total amount of the red, the yellow, and 
the blue rays in the spectrum of each stat would suffice for the 
resolution of the problem of astrometry, in the strictness of its 
numerical acceptation; and this the actual state of optical 
science leaves us destitute of the means even of attempting, 
with the slightest prospect of success." This might indeed be a 
damper to our argument, so fat at least as stars differing in 
colour are concerned ; but perseverance in a good cause has 
often been rewarded with marvellous accomplishments, — and 
it is well to remember thut 

Bj manj blows that work is done, 
Wlikb cannot be achieved with one. 



These remarks will hardly be impinged upon ia practice, by On •tall»r 
taking one objection to the facts upon which Sestini's theory 
is Ibunded, namely, the velocity of the stars; since, iu the pre- 
sent day- — even admitting proper motions and translations in 
space to their fullest extent— it is not necessary to consider the 
possible rate of sidereal movements as capable of bearing any 
sensible ratio to the speed of light. In citing the case of the 
orbital velocity of the companion of a double star, he should 
have applied it to a Centami, an object of which we know all 
the elements, its distance &om us and from each other in 
miles, the mass of the components as compared to our Sun, 
their quantity of light as compared to the same, and the peri- 
odic time;— all these we know to a greater degree of con- 
fidence than those of any other similar body. Kow the theory 
fails upon this test; for the mean orbital velocity of the com- 
panion may beassumed as 2 5 miles per second, while Sestini's 
limits of Vj and A of the velocity of light would make it fif- 
teen thousand and thirty-eight thousand miles, in the same 
time. The velocity of light assumed here is, however, it must 
always be remembered, that of the Sun ; that determined by 
direct observations of the solar orb itself, or by the eclipses of 
Jupiter's satellites, whose reflections still give us solar light. 
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and traversing the same medium, whatever it be, filling the 
planetary spaces. But we may reasonably expect, and, indeed, 
the experiments detailed above, on the spectra of different 
stars, appear to indicate, if not actually to prove, that the light 
of some of the stars is absolutely of a distinct nature, and ra- 
dically of a different composition, to that of the Sun; while 
the media also which the rays have to pass through may be of a 
kind unknown in any part of the whole of our planetary cir- 
cles, and of a nature the peculiarities of which we are at present 
profoundly ignorant of 

Evidently, therefore, when the speed of transmission of the 
stellar rays comes into play, we may have to deal with veloci- 
ties very different to that on which our correction for aberra- 
tion — which depends upon solar light — is founded : the speed 
of transmission of which element, the velocity of electric light, 
and the speed of sidereal light, appear to depend upon, or be 
affected by, different causes. Granting that, however, and to 
the widest extent; extending even the somewhat doubtful 
experiments which have been made on the velocity of electric 
light, as compared with the solar, and on the transmission of 
ordinary light through air and through the denser medium of 
water; still there is nothing as yet to show, that we are likely 
to meet with any kind of light moving at so slow a rate, as to 
bear the proportion (which Sestini's theory requires) to the 
actual speed at which any star has been found to move. 

There is, however, another way in which the peculiar habi- 
tude of rays of light may produce a difference of colour in a 
star, and make it even run through the whole of the colours 
of the spectrum from one end to the other and back 
again, in a greater or less space of time according to the par- 
ticular circumstances of the case. This will occur if the differ- 
ent coloured rays of which the white beam is composed 
undergo intrinsically in themselves, or by reason of the nature 
of the medium which they traverse, any difference in the velo- 
city of their transmission. 

Emission and Accordinff to the Newtonian doctrine of " emission," the 

undulation. ° 
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separate colours are actually produced by different degrees of 
velocity : and he concluded — from experiment — that the trans- 
parent parts of bodies, according to their several sizes, reflect 
rays of one colour and transmit those of another. But, accord- 
ing to the " undulating " theory, which has since been shown 
by Young and Fresnel to be far more probable than the other, 
if not really to be the true theory, the various tints are pro- 
duced by means of undulations of different lengths; and the 
physicists have even been able to measure the comparative 
extent of these minute waves, or undulations, and have as- 
signed them decimal proportions as follows: 



Bed 



Indigo 
Violet 



0-00002582 ■ 
00O0O23I9 
0'0000227O 
0mi02073 
O'0OOOI912 
0-OOOOIC92 
0'00(MH572 



Now, though this by itself may say nothing with respect 
to the rapidity with which each undulation may be trans- 
mitted, it renders the probability of such a difference ex- 
tremely great ; and, though that difference be bo very small 
that there is no hope of ever being able to make it manilest 
in any scientific apparatus of even the most delicate descrip- 
tion, yet, on account of the vast remoteness of the stars, the 
effect may become at length very sensible. For, although the 



• Thme lengilu of an undulntion lead 
on viuwing a red object, tbe memliDine o 
430,000000,000000 o( times in everj two beau of a sscouds' pendulum ; The 
raearchM And dlsooTeriee of Quyghens, Yonng, Malmi, Kre^neli Arigo, Puiuou, 
Air;, Wlieatitonc, and otbera, have rendered tbe hyputlieuB ot an uudulalor]' 
propsgstioD ot ligUt almoat a demonitrated Irutli. " It ie a Cbeory," uiya 
Benwhel, " which, if not founded in nature, ii cirtainl; ono of the luppieet 
fictions that tlie goniuB of man lilts jet inTenled to group together natunil 
phenomena, w well u the mo6t fortunate in tbe auiiport it bat roeeiiMl from 
all classes of new phenomena, which at their discorerj teamed in iireconcilaahle 
opposition to it. It in, in Imet, in all its applications and delula, one sueceaaion 
at/tiUitia : inasmuch that we mi; almost bo induced to u;, if it be net true, 
i( deserves W bt." 
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(iifferencc in the rate of propagation by the waves of each 
ray may be the amallest conceivoable quantity, yet, if that 
diflferent rate be kept up during the whole of the one thousand 
years that we suspect must be occupied by the light of some of 
the stars in reaching us, notwithstanding that it may travel on 
the average one hundred and ninety-two thousand miles in it 
second, it is manifest that, after conUnuing to grow during 
so great a length of time, a very decided effect may at last 
be produced. 

If a uew star suddenly appears in any part of the sky, 
the rays of light immediately travel off to announce the &ct 
everywhere, and to us amongst the number of other orbs; 
and it matters not whether the light consist in the emission 
of particles, or the propagation of waves of different orders, 
as many of Arago's " couriers " as there are different colours 
in the spectrum are sent off with the intelligence; and, if 
one is able to accomplish the great intervening distance 
between the star and us in a less space of time than the 
others, and so arrive before them, we shall see the star of 
that colour first, say violet. In that case the next to arrive 
would be the yellow, and then arriving and mixing with the 
blue, already come, would make the star change from pure 
blue to green; while the positive red, arriving last of all, 
and joining themselves to the existing green, would at length 
make the star appear white; and, if it preserved the same 
lustre, it would ever after continue white. 

But be it recollected that, in the ideas evoked by the dis- 
crepancies of colour-estimates, I am only throwing out sug- 
gestions, not advocating an hypothesis; still it must be ad- 
mitted that variations of colour ought to accompany variations of 
brightness, though such variation of hue has not hitherto been, 
detected in some stars that notably vary in splendour. Witli 
this 'confession, we will proceed in the vision thus conjured up, 
and return to the celestial body in white; only reminding the 
reader, that tittle Is correctly understood of light in its causes 
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nd that Bacon has told us— 



and principles of existence, 
recti scire est per eansaa scire.* 

If the above-cited star be shown for only an instant of time Argumeni 
1 - -1 ■ -11 roBumed. 

as an electric spark, then we might see it varying through 

each of the different colours, blue, yellow, and red, separately 
and distinctly. Allowing that, for example, the blue ray was 
to traverse the space between the star and ourselves in three 
years, the yellow in three years and one week, and the red 
in three years and two weeks, and supposing the above to 
apply only to the central portion of each coloured ray, which 
should gradually vary with filaments of different velocities 
so as to join insensibly with those of the neighbouriiig one; 
then, three years after the striking of this stellar spark, we 
should see a blue star appear in the sky, and last for ono 
week; then the star would appear yellow during another 
week, and red during another; after which it would be lost 
altogether. Or if there be actual separations between the 
different colours, as is more than hinted at by the discovery of 
the black bands in the spectrum, then the star, after appearing 
of one colour, might even disappear for a time before the next 
colour began to arrive. 

Again, if a star which has existed for ages be on a sudden ex- 
tinguished, the rays last emitted will be the couriers to announce 
the fact; and, supposing the star to have been white, three 
years afterwards (in the above particular example), the Inst of 
the blue rays having arrived before the last ol' the others, the 
blue will be deficient in the star, and from white it will becomo 
orange ; after a week all the yellow ones will have come in, 
and the star will be red; and, when the final rays of this 
colour have arrived, it will totally disappear. 

* la ft lotler of Marcb lutli, 18^(1, Uie MMler of Trinlly, Dr. Wbewell, ujs— 
•' If I wiu writiag a review of yoiir ii|iliindi<l rolnnie (^Sptcatiim Bartstllianum), I 
■hnuld of coune tr; to Hnd same fiiult In It by way uf ibowing mj acnteneu : knd 
1 bIiouU mj — ■ Al fat/e 32*, uw rmio! Baarn hat IM w — rtcli icire eit ptr 
eauim tir,.' We nnj remiirk tlint it wu ArialollB wlia uid (bib in (trsok, and 
hii followcra in Latin* We miij ndd that It ii not a niaxim wliich Uw done mui^li 
good in acience, for the Hnt ilep !■ to toarn the tiwi of the phenomena. Tlie 
cauae aftervmrds it we uin : t>ul. if wo canngt, vie liava Btill learned BumHthiiig.'' 
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But if tlie star shines permanently, and has so shone from 
time immemorial, then, whatever might be the difference of 
time elapsing between the blue and red rays shot from the star 
at the same instant reaching us, we should see the star white ; 
for blue and yellow and red rays of different dates of emission 
would all be reaching our eyes together. 

Practi<»l Xhis case can be exemplified by looking through a prism 

at a white surface of imlimited extent and equal brightness, 
when it will be seen as white as before ; for the multitudinous 
spectra formed by all the component points of the whole sur- 
face overlaying each other, the red of one coming to the blue 
and yellow of others, will form white light as completely as if 
the three colours of one point be concentrated together again. 
Here was Goethe's error: he gazed at a white wall through a 
prism, and, finding it white still, kicked at Newton*s theory to 
produce an absurd one of his own. But had he looked at the 
edges of the wall — which is a similar case to the birth or death 
of a star — he would have seen the blue half of the spectrum on 
one side, and the red on another : everything, in fact, with a 
sensible breadth will have coloured borders, blue on one side 
and red on the other. If one part of the wall, however, be 
brighter than another, the strong blue of that portion thrown 
on to the fainter red of another, will give that a bluish tinge, 
and vice versa ; and so with the stars ; if their brightness should 
alter, or, in the common though singularly erroneous parlance, 
their magnitudes vary, the strong blue of a bright epoch 
arriving with faint red of a dull period, will make blue appear 
to us as the predominating colour ; will cause indeed the star's 
light to appear decidedly blue at one time, 2JxA^mutatis mutandis^ 
red at another, although all the while the star's colour may not 
really have altered at all ; but may have been really, and would 
have appeared to observers close by, as white as ever, varying 
only in quantity and not in quality. Eeal alterations in colour 
may doubtless occur, yet evidently may also often be only 
consequences of alterations in brightness, which may be brought 
about by many regular and periodical phenomena, and certainly 




PBACTICAI, EXEMPLIFICATION', 

do not require the introduction of any such startling reason as 
the conflagration that was lugged in to explain the tints 
through which the variable star of 1572 passed, aa it gradually 
died cut of the sky, where it had so suddenly appeared a few 
months previously. Of this, at least, we may be certain, that 
there are periodical variations in the brightness of the stars, 
and that some alteration of colour should thereby be produced ; 
but whether to a sensible extent or not, Is only to be deter- 
mined by experiment. ^ Persei has been selected by Arago 
ns a favourable instance for testing this matter by observation, 
because it changes so very rapidly in brightness in a short 
space of time ; but, though he did not succeed in detecting any 
alteration of colour we must not despair; for, while on the one 
hand his means of determining the colour seem to have had no 
sensible degree of exactness, it is easily possible to assume such 
a diiFereaee of velocities for the various coloured rays of 
the star, and such a distance for them to traverse, as should 
completely annihilate the expected good effect of the quickness 
and frequent recurrence of the changes in this particular star. 
Many other stars might indeed be picked out where the natural 
circumstances are more promising, while further steps towards 
the perfection of the means of observation, would aUow of many 
more still being made subservient to the inquiry. 



The lailures made heretofore may therefore be regarded in tlic Hon 
same light as those in the olden inquiry of finding the parallax 
of the fixed stars, viz. not as reasons for leaving off, but for 
trying again more energetically, more extensively, and with 
more accurate means than before; and, although I may not 
be prepared just at present to describe any perfectly satisfactory 
method of observation, still, as some amateurs desirous of pur- 
suing the subject may like to see such hints as my experience 
has incidentaUy given rise to, presented in some rather more 
practical form, I have thrown them together as follows: 

In any method of determining colours of stars, three 
possible sources of error have to be met: I. The state of the 
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atmosphere generally at the time in altering the colour of 
all the stars above the horizon ; 2. The effect of altitude in 
varying on different stars the apparent colour produced by 
the atmosphere ; and 3. The effect on the eye of the necessary 
quantity of some sort or other of artificial light, for the 
purpose of writing down or examining the dimensions of 
the instrument, the face of the clock, &c. &c. 

First source. The first can only be eliminated by extensive observation 

of a number of stars, especially circumpolar ones, all through 
the year. Although the colours of some stars may vary in 
a small number of months, weeks, or even days, the mean 
of them all may be considered to be safely depended on for 
a tolerably constant quantity; and each star should be ex- 
amined and tested for its colour every night, by comparison 
with the mean of all the rest; and where any decided 
variation appears to be going on through the year, that star 
should at once be excluded from the standard list, and its 
difference from the mean of the others stated as its colour 
for each night's observation. 

Second source. The second source of error is to be met by observations of 
the same star through a large part of its path from rising 
to culminating, or a number of stars of known colour at 
various altitudes, combined with a correction something 
similar to that for refraction, as varjdng in a proportion not 
far from the tangent of the zenith distance ; and which would 
consequently require the altitude of every body observed 
to be carefully noted, as a decidedly necessary element in re- 
ducing the observations. 

Low stars, however, should be eschewed, and each observer 
should confine himself as far as possible to his zenith stars; 
for, in addition to the low ones being so much fainter to him, 
than to one to whom they are vertical, and in addition to the 
colouring and absorbing effect of the atmosphere increasing 
so excessively low down on the horizon, the envelope acts 
so strongly there as a prism, that, combined with the bad 
definition prevailing, I have sometimes seen a large star of a 
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really white colour appear like a blue and red handkerchief 
flutteTing in the wind: the blue and red about as intense and 
decided aa they could well be. This shows the extreme . 
importance of noting not only the altitude of the star, which 
determines also the degree of prismatic effect, but of dis- 
tinguishing in the observation any difference between the 
upper and lower parts of the star. In the Sun and Moon, 
bodies of very sensible breadth, this effect is not so evident; 
the surface will still be white or coloured uniformly by the 
atmosphere, and the upper and lower borders will alone show 
the prismatic colours, half on one edge and the other half on 
the other, as in the case of the white wall mentioned above; 
but the star under discussion, being merely a. point of l%ht, 
is wholly acted on, and exhibits as complete a spectrum a^ 
could be contrived without any of the white or self-com- 
pensating intermediate portion. 

Combined with this is the colouring effect of the object-glass, 
and any deficiency in its achromaticity ; though these, being 
nearly the same on all the stars, will not affect the difference 
observed: yet the latter quaUty of the eye-piece will be of 
more consequence, unless the star fee brought very rigorously 
into the centre of the field of view, and kept there the whole 
time that it is under observation. A well achromatized eye- 
piece should be specially used, and its assigned magnifying 
power always recorded. 

The third difficulty may be best coimteracted by using one ti 
eye for the field of the telescope, and the other for writing down, 
&c. ; having the artificial lights used for these purpoaea as faint 
and making them as white as possible, with various other little 
practical details which will best occur to each observer. 

We then come to the grand difficulty: viz, the manner in 
which the colour is to be determined; the methods are two: 
first, by the senses; second, by instrumental means. The first 
is that which has been employed hitherto, and will doubtless 
still be the only method employed for a considerable time by 
amateurs; and, though bo very vague, yet may — by the edu- 
cation and the practice of the senses, combined with the cor- 
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rections above considered — bo carried to considerable perfec- 
ticrn : Btil) tUc cducalion must be mucb toore syGtematic, and 
the practice much more constant, tban they have bitbcrto been. 
Nor will the pursuit bo altogether unfruitful, even if it only 
relieves science by thereby proving a negative; but to the 
zealous aspirant there is a hopeful guerdon, because much of 
the theory of the universe may be finally revealed by tliifl 
elegant and dlfEcult element. 



ir- Some certain standard of colours must be kept and con- 
Btantly referred to : the colours of precious stones have been 
used for tliis purpose ; but, though very proper in one point of 
view, as being by their brightness more comparable to stars 
than ordinary pigments arc, yet astronomers in general have 
not much acquaintance with anything so valuable and costly; 
and. if they had, would find that the colour of each star is not 
certainly to be defined by the jewel, i.e. that under the same 
name many difterenl colours may be found; and different ob- 
servers will therefore be giving the same name to stars not re- 
sembling each other; in addition to which there is not a suf- 
ficient range of colours amongst the precious stones to meet all 
the cases which occur in nature in the heavens, and they 
neither admit of being mixed, to form varieties of colour, nor 
of being modified, to show gradations in their own colour; a 
most important defect. These qualities, however, are pos- 
sessed by the water colours of the present day; the greater 
part of them are very permanent, and the others, which 
are not so, are capable of being prepared fresh and fresh; the 
number of colours moreover is great, the combinations that 
may he formed of them almost endless; and gradations of each 
may be made, from nearly white to all but black. Not only 
must a scale of them be had in possession, and frequently re- 
ferred to, hut it must be made and remade by the observer, 
as a mode of impressing the colours on his memory; and, 
unless he can carry them in hia mind, he need not attempt 
the chromatic observation of stars; for as he cannot see the 
star and his scale of colour at the same instant, and side 
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by aide, the eetimate of the star depends entirely on the 
accidentals of memory.* 

Not to be too dogmatical, Iiowever, with the willing A 
neophyte in his outset, we may observe, that, though the ' 
aptitude thus recommended may be troublesome to attain, 
it is approachable by opening trenches; and nature has 
kindly provided many individuals with the TcquiEitcs for receiv- 
ing delicate impressions by the senses. Now the source of 
colours is acknowledged to be light: each primary tone being 
surrounded by its harmonizing secondary, which is again bor- 
dered by its tertiary; and the perceptive faculty of at once 
distinguishing their several shades is an endowment of the 
moat pleasing power, whether exerted in a passion for stars, 
flowers, and mundane finery — or in contributing to render 
die painter's art impressive to the imagination, and delightful 
to the eye. While therefore a spectator is itble to enjoy the 
sensitive perception of the varied gradations of hues and 
tints, he need not involve himself in the vej^ata qnatio ns 
to colours being material or not — whether entities or in- 
dividualities. That they are not yet really reducible to a 
single principle, is no reason why tlii^ should not be used 
most comprehensively, and every advance must be duly en- 
couraged for the results that may ensue. 



\\'e tried an experiment on cliromatic personal equation, Tiie ifutm 
in its simplest form, at Hartwell, on a line evening, the 
second of July, 1829. Having prepared a Btone pedestal 
in &ont of the south portico of the house, on which wae 
placed a Gregorian telescope of 5^ inches aperture, a party 
of visitors, conristing of six ladies and five gentlemen, were 
invited to gaze upon the double-star Cor Caroli; and they 



* ChnmuMgnphf ii not ao not perfection u tb« pon'cr of the qre uitl alste of vt 
KtHiliI lead u to luppote it to be; balitb hoped Hint Mr. Ctieireul*! beintifDl work 
OD Culmiri, »hicb hu sppeiretl lince Uie iUxne was printeil, will jieJd i yitefaX 
■iDadanI oF tiata fur lutromelrj', u well lu (or rriiUiubiclura, to ai la aflVird an 
euj and reaJj reference, 
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were each to tell me — sotto voce to prevent bias — what they 
deemed the respective colours of the Components to be. The 
first who stepped out by request, was my good friend the 
late Kev. Mr. Pawsey — more addicted to heraldry than to 
astronomy — who, after a very momentary snatch, flatly de- 
clared that he *' could make out nothing particular:" but 
the other spectators were a little more attentive to the plan 
proposed, and their respective impressions were thus noted 
down in the large Hartwell Album : — 



™, , , /.A. Pale white, 
Mrs. Tyndale S 



Mrs. Rush 



Miss Honor 



Violet tint. 

Yellomsh cast. 
Deadish pwyle. 



|A. 

1A. Yellowish, 
B. Lilac. 



Miss Charlotte 



A. Liffht Dingy yellow. 



CA, JjlfffU 

(B. Lilac, 



Miss En 



"'^ \t 



A. White, 

Plum colour. 



Miss Mary 
Anne 



Mr. Rose 



( A. Paleish yellow. 



B. Blue, 



^ A. Cream colour, 
\ B. Violet cream. 



«r « « .. fA.. Pale blue, 
Mr. B.Smith ) 

IB. 



Dr. Lee 



Darker blue. 



(A. Whitish, 
*B. Lighi purple. 



Capt. Smyth 5 

(B. Plum-colour "purple. 



Now, whatever may be said about instrumental means, 
tendency of metallic mirrors, weather influence, atmospheric 
light, or the object's position as to meridian, it is clearly ob- 
vious that every condition was common to the whole party, 
and we doubtlessly all meant the same hues. It must be 
admitted, however, that the stars were new to most of the 
spectators, and, though some of the eyes were surpassingly 
bright, they had never been drilled among the celestials. 
Further observation, with an achromatic instrument, led me 
to record Cor Caroli in the Cycle for 1837, A flushed white, 
and B pale lilac ; but, as Sestini found them to be yellow 
and blue in 1844, I again probed them in 1850, when A 
struck me as full white and B very pale, but slightly ruddy 
under that paleness. From the lightness of the tints, this 
object offers less distinctness than deeper-coloured stars; in- 
somuch that in 1830 Herschel said — *' With all attention I 
could perceive no contrast of colours;" yet, at my last in- 
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spection in 1855, three observers were UDanimoas tliat A 
appeared to be a pale reddish white, and B lilac, under a 
magnifying power of 240, and a fair sky. All iliis shows 
the urgent necessity of a chromatic scale being drawn up 
for general adoption ; and that, as yet, wo are only on the 
thieshotd of it very beautiful department of knowledge. 

Many persons may think tliat a mere ghince at colours is Huuk^ii 
enough to impress them at once on the memory, and that, 
without any practice at that sort of remembrance, they can 
keep any lint in their mind for a length of time; but a more 
erroneous idea was never entertained. To these unhappy perions 
greensare greens, and blues blues; for tbey have never entered 
the magical region of colours, whereby a whole world of intel- 
lectual enjoyment is for ever closed against them. Bring them 
to the proof of their boasted powers; show them any portion 
of a landscape; and then place colours before them, ami make 
them put down the various tints from memory, but this a week 
or two after the scene was witnessed. If hardy enough to 
attempt the task, every one of their tints will be found in 
error, and they will only put down one where nature had fifty. 
Even the painters confess, that, though colour may be a low 
branch of their art, yet it is the most difficult, Juat look at 
the walls of the Koyal Academy and see how rarely is a good 
colourtat to be met with, and, when he is, how ibe initiated 
will gloat over the malchJees and magic variety and mellow- 
ncsfl of tints, while the uninitiated can see barely more than 
one, and that to ihcm not noticeably different from the world 
of common-pUces beside it. Only look, too, at the character- 
Utics of those painters who draw from nature, but do aol colour 
also from bcr; who make their sketches in the open air with 
pencil or sepia, and fancy colouring to be so simple and so 
easily remembered, that they may do that aflerwarila comfort- 
ably at their home. Sucii works are detected wherever they 
aic scon, by the poverty of tints, and by the uniformly mono- 
tonous colours that arc always employed in the same manner. 
The human mind eannot invent to .iny extent, but can merely 
d2 
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scarcLes are pregnant wilh the best augury; and the elabora- 
tion of successive varialJons of them must infallibly aid our 
liimre advance in the knowledge of Stellar Pht8IC8. 

' There is still, however, much to achieve before full re- 
liance can be indulged in, as well respecting drilling the eye as 
the manufacture and use of its apparatus, and the subsequent 
delicate manipulation. When genius and perseverance shall 
have brought these conditions to bear in concentrated practice, 
then will this instrumental meihod of reducing colour to 
brightness and place prove invaluable ; because— in addition to 
the exactness of the numerical determination of which it will 
then be capable — it would further overcome a most serious 
source of error — one which has barely been touched upon in 
all that has gone before in this our lucubration, and may 
affect to its fullest extent the method of the"acn3eB," namely, 
chromatic personal equation. In fine, it seems destined to 
become another means of augmenting the debt which pure 
Astronomy owes to the powers of practical observation — which 
is the bssie of all we know in the argument. 

The instrumental desiderata above alluded to are mostly, aa 
yet, irreducible to general practice, especially upon minute or 
dim objects; and, therefore, until certain difficulties shall beover- 
come, the amateur may still render good service to the cause, 
by noticing the stellar hues according to the scheme of colours 
submitted to him on the chromatic diagram hereunto ap- 
pended. Where the mental impression is not quite adequately 
represented by these tints, it can be modified by an expres- 
sive adjective, as blueish green, brownish yellow, and the 
like j but, in pronouncing upon very delicate distinctions, the 
observer must keep in mind that all colours are accompnied 
by their accidental or opposite tinctures, or those which de- 
pend on the affections of the eye, rather than on the light 
itself — and, when the direct and accidental colours are of the 
same intensity, the accidental is then called complementary, 
because completing the series with the direct hue. 

The very numerous shades from white to pale yellow ate so 
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unfit for representation and lampliglit reference, that they are 
omitteil in the annexed form; but the careful observer may 
readily estimate the intensity of almost colourless bodies accord- 
ing to the following order — Creamy white 1, Silvery white 2, 
Pearl white 3, and Pale white 4. 

Notwithstanding the amount of obstacles that I have mus- 
tered up, they are not insuperable to resolution ; for, as in mun- 
dane afiiiirs, the word itnjjossible ought to meet with no encou- 
ragement in scientific emprise. A specimen of the advantages 
of a more exact method than that which has hitherto obtained 
among us, may be Jiere given, as showing that the glow ascribed 
can readily be consulted, which the mere guessing cannot. In- 
deed, if memory is to be trusted so far, some notations on the 
old syetem may be contrasted wilh our proposed plan, thus — 



STAB, 




CYCLE, 


DIAGKAM. 


51 Piscium , 


A 


PcaH White 
Lilac tiHl 


A. WKiU^ 

B. Purph' 




A 

a 


Orangi colour 
Eetirald i/rten 


A. Omngt* 

B. fiiKuAy™^ 


40 Pcnoi . 


B 


Pall mhitc 
Atk-coUmred 


A. While 

B. Bite' 


25 P, Anrigaj 


A 

u 


Paliffrtu 


A. White' 

B. Blue' 


i Hjd™ . 


A 

B. 




A. YtUov' 

B. Pu,rpU' 


ir Virginia . 


A 

B 


Liffht roic-Iial 
U:ut<! red 


A. Red, ' 
U. Red' 


1 Bootia . 


A 
B 


PiiU omnge 


A. Orauge' 

B. tireen ' 


« Uerculii . 


A 


Orange 


A. rdtoa' 



B. JEmeyatd, or bttiishgnsa 



By tlie adoption of the new and firmer method of registry, lostan 
many of the differences now on record may turn out to be " -^ 
more apjsireDt than real, and will probably disappear belbie the 
organised process of using an accepted chromatic scale with 
educated eyes. We have alluded to the otlierwise complicated 
embarrassments and uncertainties incident to this kind of ob- 
servation; yet still tliere is basis enough to inspire the 
warmest hope lor exertion. The beautiful piiir of stars forming 
Ctgni may be cited as a strong instance in point of 
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the agreement of many eyes and instruments, even by the 
prevalent rule-of-thumb system ; because that object has an ad- 
vantageous position in altitude when on or near the meridian, 
to facilitate this branch of inquiry. It will be borne in mind that 
/8 is an optical pair; for, as I have elsewhere remarked, strong 
colours in the pulcherrima of the heavens are not at all indicative 
of motion. To moderate the ordinary complaints about bias, 
magnifying power, aperture, achromatism, spherical correction, 
and local atmosphere — and to test the merit of gazing *' with 
all its imperfections on its head " — the eyes and telescopes of 
various observers, at various places, have been summoned in aid ; 
and the results of the requisition are to the following effect : — 



OBSERVER. 


DATE. 


RECORDED COLOURS. 


PLACE. 


Sir William Herschel . 


1779 


A. Red* 

B. Blue 


Slough 




1781 


A. Pale red 

B. Beautiful Hue 


Slough 






1783 


A. Redt or orange 

B. Blue J or purple 


Slough 




Sir John Herschel . . 


1816 


A. White J or yellowish white 

B. Blue 


Slough 




1830 


A. Yellow 

B. Blue {superb) 


Slough 




Herschel and South . . 


1822 


A. Yellow 

B. Blue {strongly contrasted) 


London 


Admiral Smyth . . . 


1830 


A. Bright yellow 

B. Fine blue 


Bedford 




1837 


A. Topaz yellow 

B. Sapphire blue 


Bedford 






1849 


A. Oolden yellow 

B. Smalt blue 


Hartwell 






1857 


A. Otpiment yellow 

B. Turquoise tint 


Hartwell 




Mrs. Smyth .... 


1830 


A. Fine yellow 

B. Blue 


Bedford 




1867 


A. Orange yellow 

B. Greenish blue 


Hartwell 





* For the prevalence of red in Sir William HerschePs star-tints, see the 
remarks, antey p. 15. 
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OBSERVER. 


DATE. 


RECORDED COLOURS. 


PLACE. 


Struve the elder . . 


1832 


A. Yellow {colore* sunt iiisignes) 

B. Cerulean blue 


Dorpat 


Benedict Sestini . . 


1844 


A. Orange gold 

B. Azure 


Rome 


Piazzi Smyth . . . 


1856 


A. Pale yellow 

B. Blue 


Teneriffe 




1862 


A. Yellow 

B. Bluish green 


Elchies 




Padre Secchi . . . 


1867 


A. Reddish yellow 

B. Oreen (fine colours) 


Rome 


Rev. W. R. Dawes . 


1857 


A. Crocus yellow 

B. Greenish blue 


Haddenham 




1864 


A. Golden yellow 

B. Ghreervish blue 


Haddenham 




Isaac Fletcher . . . 


1850 


A. Yellow 

B. Blue 


Tarn-bank 




1857 


A. Rich yellow 

B. BHlliant blue 


Tarn-bank 






1864 


A . Rich yellow 

B. Greenish blue 


Tarn-bank 




Mrs. Fletcher . . . 


1864 


A. Fine yellow 

B. Bluish green 


Tarn-bank 


Lord Wrottesley . . 


1857 


A. Golden yellow 

B. Greenish blue 


"Wrottesley 




1864 


A. Reddish oixinge 

B. Clear blue 


Wrottesley 




Captain Higgens . . 


1864 


A. Golden yellow 

B. Bluish grey 


Bedford 


Mrs. Higgens . . . 


1861 


A. Golden yellow 

B. Faded sapphire blue 


Bedford 


Rev. T. W. Webb . 


1849 


A. Fine yellow 

B. Ultramarine blue 


Hereford 




1864 


A. Full yellow 

B. Aquu coelestis blue 


Hereford 




George Knott . . , 


1864 


A. Golden yellow 

B. Bluish green 


Cuckfield 


Mrs. Knott .... 


1864 


A. Vai*iablet with ruddy cast 

B. Emerald green 


Cuckfield 


Dr. Lee 


1832 

1 


A. Orange tinge 

B. Bright blue 


Bedford 
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OBSERVER. 


DATE. 


RECORDED COLOURS. 


PT,ACE. 


Dr. Lee 


1864 


A. Pinhiih yellow 

B. Cerulean hlv^ 


Uartwell 


Mrs. Lee .... 


1864 


A. Orange 

B. Green 


Hartwell 


Sir Rowland Hill . 


1864 


A. Yellowish orange 

B. Bluish green 


Hartwell 


Lady Hill .... 


1864 


A. Yellow orange 

B. Oreen 


Hartwell 


W. R. Birt . . . . 


1864 


A. Yellow dashed with orange 

B. Clear pure blue 


Hartwell 


Samuel Horton . • 


1864 


A. Fiery yellow 

B. Sky-blue 


Hartwell 


William Huggins . . 


1864 


A, Yellow 

B. Blue 


Tulse Hill 


J. R. Hind . . . 


1864 


A. Pretty deep yellow 

B. Sapphire blue 


Twickenham 


C. G. Talmago . . 


1864 


A. Straw-coloured 

B. Blue 


Twickenham 


Frederick Bird . . 


1864 


A. Pale yellow 

B. Light emerald green 


Birmingham 


Rev. Robert Main 


1861 


A. Yellow 

B. Blue 


Oxford 




1864 


A. Orange 

B. Sea-green 


Oxford 




Mrs. Main .... 


1864 


A. Orange 

B. Sea-green 


Oxford 


Rev. G. Fisher . . 


1864 


A. Bright orange 

B. Violet 


Hartwell 



Replies to my 
request 



In this enumeration all those observations given after the 
year 1856 were specially noted at my request — a request 
always acquiesced in with kind readiness by the parties ad- 
dressed ; and, as some of the replies contain matter in illustra- 
tion of the recorded facts, the reader shall be treated to a few 
extracts from them in the order in which they were received. 



Sir John 
Herschel. 



Sir John Herschel, in answer to my inquiries, states— under 
date July 4th, 1864 — " From general recollection of the object 
when looked at, I should certainly say the observation of Novem- 
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ber 3rd, 1816, docs not make the large star enough coloured." 
And, to a query regarding one of Sir William 'b epochs, hiason 
has since informed me, that he copied verbatim what he found 
written as to j3 Cygni in the registered sheets taken from liia 
father's diaries. The excerpt, whii^h la valuable in this relation, 
stands thus: — 

Sep, 12, '79, Two fine stars. One red, tiie other blue. 
Sep. 6, '81. The large star (pr.) pale red, nisi prettg red. The small, 
a. beautiful blue. 22? ; under 460, estimation of colours 



Feb. 8, '83. Large, red or orange. Small, bine or purple. 

The Rev. W. E. Dawes, in a letter of July 5th, 1864, says — ThaBev. W. 
" I succeeded last night in getting some very satisfactory ^»*«- 
observations of /9 Cygni ibr the colours of the components. I 
examined them with powers from 93 to 890. With 93, 153, 
and 258, I pronounce the colours to be 

A. Golden jellow. B. Greenish blue. 

" With powers 405, 557, and 890, they appeared 

A. Golden yellow. li. Slightly more of a greeuiali linge than with 
the lower powers. 

"With one of Home and Thornthwaite'a so-called ' Apla- 
natics' — which is certainly as achromatic as possible in all 
parts of the field — power 302, the colours wore precisely the 
same as with the lower powers above quoted. Each star being 
alternately concealed by a small field in my solar eye-piece, 
the colours remained the same, so they were also with a per- 
forated diaphragm over the whole object-glass. For compari- 
son 1 noted the colours of the components of a HercuHs — 

A. Light orange. B, Blue-green. 
Compared with j8 Cygni, A is rather redder, and B ratlier 
greener. 

" The night waa favourable for such observations, being 
free liom haze, and calm. The scarcely varied colours with the 
highest powers compared with the lower, arises 1 doubt not 
from the fine correction of this object-glass, which is not over- 
correcled. In the violently over-corrected Munich ones there 
is great dilTu'cuee between the high and low powers. Mine 
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is, I think, almost exactly like your old Cedlbrd favourite in 
respect of correction." 



The Bamc post also brought me dispatches bf the same date 
and on the same subject from my friends Captain Iliggeiis and 
the Rev. T. W. Webb. The Captain informs me, that, " after 
the spell of cloudy weather which we have had ao long, I 
almost despaired of being able to see tlie stars last night; but 
a clear came on before sunset, and aa tlie darkness inercascd 
the definition became very good, I think I never saw Jupiter 
BO well before at so low an altitude as I did soon after sunset. 
As the night advanced objects became at times a little blotty, 
but on the whole we had a good time of it. 

"We had a long scrutiny of ^ Cygni. My wife sees the 
pair as follows: A golden yellow; B /adetZ sapphire blue ; while 
I make A golden yellow, and B bluish grey. I have no 
doubt we mean the same tints. 

" I am sorry that I have not looked at this object oftener. 
I see a note in my log of May 24th: A golden yellow, B 
faintish blue, and I cannot help thinking that the colour of the 
latter is not so vivid as I saw it last year. I shall keep it well 
in Bight during the remainder of its appearance. We looked 
at it with 115 to 200 {Cooke's 4-inch, 5-foot focus), which 
are the powers best adapted for my telescope for ordinary 
objects when testing colours." 

The same night, July 4tb, Captain Higgens turned his 
instrument upon 95 Ilcrculia charged with magnifying powers 
of 115 and 200; the defmition was good, and the noi-mal 
colours plain, but faintish. 

The Rev. T. W. Webb entered warmly into the question, 
saying ; " We have had such a prevalence of cloud of late, that, 
although I determined to take the very firat opportunity of 
attacking your object, I feared it might be long deferred. 
Last night, liowevcr, proved unexpectedly clear, and I set to 
work at once, and with various powers — 65 and 111 Kamsdcn, 
170 Unyghens, 264 single lens, 323 Steinheil, and 600 Huy- 
ghens, and " macro • mi c ro " — I had the same result, which was 
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quite independent of your own estimates, as I had forgotten 
their precise terms. A appeared to mo a full yellow, varying 
to topaz, B an ' aqua ccelcstiB ' blue, witli a very sliglit tinge 
of green. 

"By 'aqua cojlestis ' — an old alcliyniiavl name wUidi I 
pieked up I know not where — I mean the splendid blue pro- 
duced by adding ammonia to a solution of sulphate of copper, — 
amraoniuret of copper ia, I fancy, its chemical name. The star 
reminded me at once of this, only in comparison its blue 
appeared a trifle greener. This comparison is made from 
memory only, as I have not seen any of the liquid so called 
for years, and have not the materials for making it at hand." 

Chemical tests are of material use in watching the colours 
of stars, since they can be made and adapted at all times, and, 
generally speaking, in all places. 

Mr. George Knott, who complied with my request (July G. Km 
6lh) as " a most pleasant duty," reported in these terms : " On 
Monday evening at about 11 o'clock the clouds cleared off, 
and, accompanied by my sole assistant, Mrs, Knott (' an astro- 
nomer's best assistant,' as I think the talented Astronomer- 
Royal for Scotland says somewhere), I adjourned to the ob- 
servatory witli a view of attacking the redoubtable j8 Cygni 
with my Alvan Clark refractor. The images of the stars were, 
however, rather confused, and the state of the atmosphere not 
favourable to colour observations, for which a really fine night 
seems almost as indispensable as for dehcate measurements; 
but the following are our entii'ely independent estimates— uaJe- 
ant quantum : — 

^ CYGNI. 
7i-inch Equntoreal, full apertnre. Powers 173 and 328~-Thom- - 
thwaite'a apknntic : — 

I A. Full golden, with orange cast. 
(B. Fine pnle bluish green. Decidedly green, 
i A. Variable, witb ruddy cast P 
'""■'^"""iB.r.ner.ld green. 
With tlie aperture eontracled to 3 7 incbes, and negative eye-piece 
of power aae, I ihougbt A full golden, witb ruddy cast, and B paio blue 
green ; nnd my estimates were confirmed by Mrs. Knolt. 



Mr. Knott J 
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" Last evening was finer, and 1 }iuA some very good views 
of this gloitous pair with various powers and eperturcB, and 

eEtimated 

A. Full clear golden yellow. 

B. Delicate pate liluisb grecti. 

" With 3-2 inches aperture I thought the colour of B more 
decidedly bluieh, but still with a green cast In the finder (2 
inches in aperture and magnifying power 20) B appeared more 
decidedly bluish; but in the large telescope, with apertures 
from 4 to 7"33 inches, its tint was a very delicate and decided 
bluish green. 

" To enable you to judge of my colour estimates better, 1 
then examined a and 95 Herculis, wiih the following results: — 
a Ilerculis . A. GoiiUn. 

B. GrecniBh blue, dcoper in colour tbnn D of /I Cjgni. 
05 Ilerculis . A. Pale greeniab yellow. 
B. Pnle rosy yellow." 

On the 10th of August, Mr. Knott wrote to me again, an- 
nouncing a fresh testimony — 

" Thinking you might perhaps be interested to learn what 
could be made of the colours of ^ Cygni with one of the Silver 
on Glass reflectors, I wrote to an ingenious correspondent 
(Mr. Bird of Birmingham) who has a large one of his own 
make, 11| inches aperture, and of excellent quality (he dis- 
covered the duplicity of the small star following Procyon at a 
distance near the parallel, consisting of two 9-10 mag. stars, 
distant from each other about 0"-6), and asked him to oblige 
me by examining that glorious pair, 

" I received his reply a day or two ago, and now proceed 
to quote the ipsissima verba of his report: — 

"I had aeveral looke at (3 Cygni for the colours of the stars, anJ my 
irapreaaioa is, that tlia large star is a pale yellow and the email one a light 
emerald green stained with blue. The green ia very obvious with a large 
aperture, and the field aeems to be tinted with it. Mrs. Bird does not ecc 
the green so plainly, but a young lady staying with us pronounced de- 
cidedly for the green, toned with blue. When the stars are put out of 
focus, the blue seems to be the most prominent. I should esteem it Hn 
honour to know that Admiral Smyth was in any way interested in the 
showing of colours by my EJlvered-gtass speculum and Monioh prism, 
&c. &c." 
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" Thus the blue green colour of B is quite coufirmod. The 
testjmony of a reflector is very Interesting on the point." 

Among those whom I petitioned on this occasion was the ^""l "f Rosse. 
Earl of Rosse, for I was desirous of obtaining such evidence 
also as would be afforded by bis noble gigantic instruments. 
Unfortunately for my object, his Lordship was in England, 
and a letter from Brighton of the 7tli of July thus informed 
me; " Although I have so often seen /3 Cygni with both our 
telescopes, I have never made any memorandum which would 
enable me to answer your question. In fact I have merely 
regarded it as a splendid object for visitors who were not 
astronomers. 

"My assistant, I am sorry to say, is now absent at the sea- 
side, b^g very unwell, and I could not rely upon any of the 
men about the observatory, as they have merely been trained 
to work the instruments. The first opportunity we will do 
our best to answer your question accurately." 

I have merely inserted this in order to acquaint the reader 
that, if Lord Rosse's promised appreciation of the colours of this 
double star comes to hand before the_^nta of this brochure, it 
shall be duly appended. 

Mr. Isaac Fletcher (July 9th) writes from Tarn Bank : ia„c f lek^lier 
"Since I received your request to examine the colours of the 
components of /3 Cygai the nights have all been cloudy except 
last night, when at 10 o'clock I levelled the 12-foot refractor 
at yS, and examined the colours with various powers from 134 
to 425. I make the colours as follows; — 

A. Rith yellow. B. Greeniali ; 
and Mrs. Fletcher's independent judgment is 

A. Fine yellow. B. Bluiah greeo. 

"Afterwards on referring to the 'Speculum,' Mrs. Fletcher 
said that Mr. Dawes's description of A as 'crocus yellow' was 
ind exactly specified." 

se, in a report from Hartnell dated 20th of July, U'- i-m- 
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remarks: " The colours of /3 Cygni were observed with a 
power of 118 on the equatoreal instrument, after the stars had 
been examined under an eye-piece magnifying 50 times. A 
diaphragm with a wide slit was inserted, by which each star 
could be examined separately ; but no alteration was effected 
in the estimation of the components as otherwise scrutinized. 
As you seemed desirous of obtaining the appreciation of various 
eyes, in addition to those sent to you already, I may add that 
Miss Wilkinson, aud Messrs. Drummond Davis, Douglas 
Brown, and J. E. Hall, were agreed in pronouncing the colours 
to be yellow and blue. Mr. D. A. Freeman, however, thinks 
that the larger star appeared to him red, not deep red; the 
smaller, under various powers, was light blue. 

" With an eye-piece magnifying 240 times, Mr. Birt was 
impressed with the great purity of the blue of the star B, and 
on calling it to mind afterwards was disposed to regard it as 
fine azure, Mr. Horton compared it to the blue colour of the 
egg of the hedge-sparrow, certainly a rural, — but very applica- 
ble, comparison. 

** That the telescope was in excellent working order was 
evinced by its sharp definition of the clusters in Perseus, the 
annular nebula in Lyra, and various parts of the moon's sur- 
fece, — she then being a little after her first quarter. Your 
two variable stars following 80 Messier have re-appeared, and 
are duly noted for use." 

Sir R. Hill. gij. Rowland Hill, whom I have long appreciated as an 

amateur astronomer,* thus described the hues in question: 

" On the 11th of July, we examined the fine double-star y8 

Cygni, the recorded estimates of colour, with power 118, 

being as under — 

The large star A. Yellowish orange. 
The small star B. Green. 

** A lower power (50) gave a rather bluish tint to the 
smaller star; but the concealment of one of the stars by a 

* Sir Rowland's scientific bias was developed long before his great and effective 
Postal Reform; he having been elected into the Astronomical Society in 1822. 
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diapliragm of motal did not alter the previous impressions; 
thus provirg that the colours reaily emanated from the stars, 
and were not merely complementary tints. 



Besides Lord Wrottesley'a colour-notation of July 19th, ^<"^ ^^coti 
above recorded, he was good enough to send me the micrometric 
measures of the angle of position and the distance between the 
components of Cygni, as expressly noted by Mr. Hough, 
his lordship's astronomical -assistant; and which I received on 
the 2 1st of that month. Now as these determinations directly 
confirm the declared opticity of this object, and therefore bear 
out my dictum tliat vivid colours are by no means indicative of 
motion, I will enrol them here : 



Htg. »UI Cotonr, 


Poilllon, 


.. 


No.gt 


DM. 


_ 


'Ji? 




kK' 


A. 


■^ 


3 falivom . 
3 /^J« «■«.!«. 


t-b RrigtUNlie 


54° SB' 


E"7 




': 


<IpO 


July e 
July 8 
July 13 
Jnly M 



In the above table W. and lo. are the sums of the weights assigned 
to each single observation, divided b; 10. 

The fixity of /3 Cygnl being rather a standard point to eata- P''*'^s ff 
blish in stellar Chromatics, we will repeat the results of the 
former operations, which arc extended by reducing right 
ascensions and declinations into angles and distances, so that 
Bradley and Piazzi may be received in evidence. The whole 
presents a singular view of the agreement of various observers 
and various instruments in different places, and at diiFerent 
epochs, insomuch that Albiseo must be deemed one of the 
best determined stars in tlie heavens, and therefore very fitting 
for the object before us. Its place in latitude and longitude 
is, of course, beyond cavil, it being settled by the meridian 
labours of many public observatories; while the extra-meri- 
dional operations exhibit the following deductions: — 
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Mean of the 
above. 



OBSERVER. 


POSITION. 


DISTANCE 


EPOCH. 


Bradley , , 

Herschel I. . 

Piazzi . . . 

Struve I. . . 

Herschel II. and South 

Dawes 

Smyth, W. H. . 


67° 34' 
64° 62' 
64° 31' 
64° 30' 
64° 46' 
66° 32' 
66° 24' 
66° 86' 
66° 12' 
66° 26' 
65° 41' 
66° 26' 
64° 67' 
66° 28' 
66° 21' 
66° 00' 


34" 20 

84"-83 

34"-28 

34"-29 

84"-38 

34"-61 

34"-2 

34"-4 

84"-l 

84"-412 

84"-870 

84" 657 

84"-419 

84"-60 

84"-397 

34"-28 


1765-00 
1782-46 
1800-00 
1821-76 
1822-98 
1830-64 
1830-81 
1837-68 
1864-67 
1850-83 
1867-42 
1867-47 
1868-29 
1862-72 
1864-68 
1864-68 




Fletcher 


Lord Wrottesley . 

Padre Secchi 

Smyth. C. Piazzi 

Hough 

Main .... 



The arithmetical mean of which, at the mid-epoch, or 
1809*5, gives for the resulting data: 

Position = 65° 31" Distance = 34"-383. 

And now I quote myseK {Cycle, vol. ii. p. 450) in remarking 
that these conclusions display a very remarkable constancy 
both in angle and distance, especially as the two components 
appear to be affected with proper motions, the amount of 
which does not differ so much in the several reductions, as in 
the course or direction of the march,* The following are the 



* Twenty years after the above was written, my son, discussing /3 Cygni, says — 
'* In maffniiude, B is supposed to be slightly variable. In colour ^ there would 
seem to be yellow pulsations; at their maximum, converting the simple yellow 
of A into golden yellow, and the blue of B into greenish blue. 

" In position and distancef these stars present one of the most remarkable 
instances known of near conformity amongst all ages, countries, and kinds of 
observers. In position this is partly due to the large distance, but not altogether ; 
and in distance, the same largeness should tell rather adversely; so that there 
is in fact only this explanatory supposition left, if it does explain anything, viz. 
that, as Professor de Morgan has shown, in his treatise on the Theory of Pro- 
babilities, that there must be occasionally amongst men '' lucky individuals;** so 
amongst the double stars, there may be found here and there a happy pair, 
where no one can well avoid making a good observation.** 
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inferred present values and signs, and tlie next rigorous 
comparison may decide between them : 



PIAZZI. 






DAILY. 


Ln ^ — Os-07 Dee. 


+ t 


1" 05 1 Star A ii 


n M + 0fl'03 


— 0.-13 


+ ( 


)"-0i 1 Star B . 


+ Os-05 



Mr. Main's recent investigation gives no cliange in declina- 
tion for A, and only 0''002 in M: wKerefore, considering all 
the infirmities still adhering to even the best observations, it 
seems necessary to wait a little longer for absolute conclusions, 

Mr. William Iluggins, of Upper Tulse Hill, wrote to me on w. HuggLn! 
the 30th of July, announoing — " The earliest possible oppor- 
tunity to attack ^ Cygni occurred last night. In a small box, 
which you will receive by the same post as this note, you will 
find the coloui's of ^ Cygni, as they appeared to me, with my 
telescope, last night. The coloured solutions are to be ob- 
served in the dark, by means of the light of a parafine lamp. 

" The blue pleases me much — with the yellow I am loss 
satisfied. I tried many other yellow-tinted solutions, but with 
less success. The brighter star appears less yellow when its 
tint is not heightened in the eye by the simultaneous view of 
its blue companion. I estimated the colours by viewing each 
star separately, and sliould name the tints : — 

A. Very dilute bichromate potaasa yellow. 

B. Dilute ammonio- sulphate of copper blue. 

" With my new spectrum apparatus I saw separately the 
spectra of A and B. They difi'er, as was to be expected, 
in as marked a degree as do the colours of the stars to 
the eye. I refrain from describing the spectra at present, as I 
wish to re-observe them on an evening when the state of the 
atmosphere is more favourable. The spectrum of E is exceed- 
ingly teazing to the eye. It being of the smallest magnitude 
which admits of analysis by the spectrum with my telescope 
of eight inches apertiu'e." 

Now here is a proof of what lias been advanced respecting 
£ 2 
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the diflSculty of making these most delicate observations, for I 
can aver that the night of the 29th was what a star-meter 
would call beautiful for micrometric measures, yet the spectrum 
appliance required the welkin not only to be fine, but superla- 
tively fine. The results, however, when obtained are wonder- 
ful: Sirius — a brilliant object for the purpose — displays a 
spectrum containing five strong bands, and numerous finer 
lines. The occurrence of sodium, magnesium, hydrogen, and 
probably of iron, has been negatively detected in that star's 
atmosphere, which is probably more charged with vapours than 
that of our sun — a strong argument for the pluralism of Worlds. 
The changes of colour which stars of the first magnitude 
are alleged to have undergone (see ante^ page 16) are hinged 
upon very inadequate bases ; but we are preparing to bequeath 
such matters to posterity in a more tangible and convincing 
form than has hitherto been known. The effects of light, ab- 
sorption, and high refi*angibilities are now becoming unveiled. 

J. R. Hind. Mr, John Kussell Hind, on the 2nd of August, says, in 

answer to my inquiry: ** I looked at )8 Cygni this morning, 
the first opportunity I have had since receiving your note. 
I make the large star a pretty deep yellow, while I cannot 
describe the colour of the small one to my vision better than 
by your term, " sapphire blue. Power 70." 

Mr. Hind then continues his letter with an interesting bit 
of intelligence which, though not stringently necessary here, 
may not prove altogether out of place. 

*^ I shall write you about your remarkable companion of 
Procyon,* as soon as I receive an answer fi'om Dr. Luther as 
to the possible error of the elements of Hebe at the time of 
your observation carried back from the elements of 1847, 
Luther has Hebe in hand, and I find by careful calculation 
that she would be within a short distance of the spot where 
you saw the orange -coloured star, but I believe it is diflScult to 

* See the Cycle of Celestial ObjecUt page 182; and the Speculum Hart- 
wellianunit pages 236-238. 
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bring hcT near cnougK in latitude wlien the longitudea agree. 
What a sensation you would have created at that epoch (1833) 
had you recognised thia planet 1" 

This would have been a pleasing vifflon, but that — as I have 
elsewhere declared — Mr. Fletcher's observation of 1850 pre- 
cludes its indulgence. On coneulting this accurate astroineter 
on the subject, he pointedly flays : " It is true my observation 
ia a lopsided one, the distance most unfortunately not having 
been taken; but I have no doubt whatever, and never had 
any, that the object observed by you in '33 and by mu in '50 
18 a star — a variable one, no doubt. 

" Not long after my observatioii was made my memory was 
rigorouely ransacked to recaU the circumstances attcndiug it. 
The fiictB were these: after measuring the position angle, I 
referred to the Cycle, and, finding my angle neiirly the same 
as yours in 1833, 1 thought, ' Well, this is only an optical 
double star. It is not worth while noticing it any iurther.' 

" Some one (1 forget who) sometime ago suggested that 
my measure of position relerred to a very distant object in the 
same direction; but I am certain that it did not, (or so great 
difference in distnnce from ^oar siitr would at once have ri- 
vctted my attention." 

On the 4th of August Mr. Hind addressed me again, saying: 
" Since writing to you, Mr. Tahnage, assistant In Mr. Bisliop's 
observatory, who is gifted with a remarkably strong sight 
(though I cannot say how far that may be of service in this 
case), has uxaminod /3 Cygni with powers 70, 108, anil 200. 
He calls A straw-coloured and B blue, but not so deep as sap- 
pliire blue." 



The Kev. Hobcrt Main on ihe 15th of August brought the Tiie 
great Oxford heliometcr to bear on the object specially for 
thie recordi he having noticed the colours three years before. 
" My judgment," he remarks, "b formed by the impression 
on the eye after forming a single image of each component by 
making the images cover cuch other us thoy now clo at the 
zero, where they are perfectly round. The itiagnil.udes are 3 
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and 7 — a good 7. As I thought you woiild like to have co- 
teinporiincous raeaauras of tliia most luteiesting star, I proceeded 
immediately to measure the distance and position, which are 
aa followB: distance hy a mean of 10 measures = 3-l"'28, angle 
of position = 56° 00'." 

In a " report " to me of his eye-impression of the hues of 
the components of ff, Mr. Fisher, the well-known arctic as- 
tronomer, observes, that to make his estimation of colour be in 
accordance with Admiral Smyth's chromatic scale — which he 
only saw after he had recorded his obsei-vations in Dr. Lee's 
book — iastead of bright orange he would have stated the 
colour of A bright yellow with a tinge of red. " This," he 
continues, "affords another instance of the necessity of es- 
tablishing some welt-devised standard scale of colours for such 
cases, that might be generally accepted by astronomers." 

" The magnifying powers used were 50, 118, and 240, all 
of which were in harmony as to the actual tints: these were 
negative eye-pieces, but, fi'om accident, we did not use the 
single lenses you recommended us to do. From a very slight 
display of prismatic effect on the evening of September the 
5th — which altliough fine was damp — we were led to suspect 
a slight deposition of moisture on the object-glass; yet the 
dew-cap was on. 

" By the enclosed extract which Dr. Lee has sent, you will 
find that a few nights since his fidend Mi-. Norman Lockyer 
pronounced A to be yellow, and B sea-green," 

On overhauling the foregoing details, and sifiing them through 

a numerical adjustment, it appears that the conclusive finding 

to be pronounced upon the colours of the star under trial, in 

general terms, is — according to the tabulated matter — 

A. Yellow.- B. Blue.' 

Now as the deliberate sentence thus adjudged represents the 
medium hue of many observations, extending over a period of 85 
years, and the object is in apparition to us so copiously as to be in 
working sight for months, it constitutes a desirable target for 
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the Tyro to trim hia eye anil instrument by, whenever he is 
bent upon a cluomutic onset in that quarter. And as such it 
carries my recommendation. 

So much for AlbIREO, alias /3 Cygm. 



In the first volume of my Cycle of Celestial Objects, pages Colour biinJ- 
302 and 303 {and see ante, pp. 15, 16), 1 instanced what is 
now termed " colour blindness," or the abnormal peculiarity 
of certain eyes in tbeir being unable to distinguish colours 
correctly, and yet capable of proper action in every other use 
of them. Every one knows those violent cases of it where a 
person cannot scan green from red, and other such egregious 
contrasts, and would not admit such an individual's observations 
of colours at all; but it is by no means so generally known as 
it should be, that a personal equation of greater or less amount 
exists in every case, even without wishing to pusli tintisra 
atl iiifinilum. The reason of the faulty colouring of so many 
artists by vocation is, that they really arc not aware of many 
of the refinements of colour; their eyes not perceiving them, 
their fingers cannot render them. In one of the most intense 
examples, however, of this chromatic personal equation, al- 
though the person could not distinguish so bright a scarlet as 
the fiower of the pomegranate from the genuine green of its 
leaf, 1 have had abundant proof that his eye was able to per- 
ceive brightness, independent of colour, as acutely, if not 
much more so, than the generality of men.* It should, how- 
ever, be observed, that there is to the most normal vision a 
sensible presence of the red element in either violet or lilac, 
and the various hues indiscriminately termed purple. 



* Some cotemponrj elden nu} be lurprued aC my not liaviog here in- 
»l»nced the hBctaejed «tory of Dslton — Atomie Dilton— hov he bouglit pink 
■tackinga in mietolie for drab-colonred; how he weul lu tho meeting arrajwl iu 
Ibeni; how he acandalized the quakeri and quiqaerettes; snd how the elders 
threatened to read him out ot the Society for his gross misdeaiesDOur. Now I 
made no aJIaiion to tbi> Tor the uniple reiison that, on inquiry, I eould place no 
Ttdianea OQ it, albeit one of my informeii wai a Rujsl Duke. It ^ecms merely to 
haie been a iea ii-otnto of Bome wag, who waa aware ot the aberration of vision 
in Diy philoiophlcal and amiable friend. 




72 ON THE COLOURS OF DOUBLE STARS. 

The Australian By thus calling for an increase of energy in the eye-estima- 
te escope. ^j^^ ^£ sidereal colours, it will be seen that we are not in- 
sensible to the advantages of the instrumental method, despite 
all the perplexities which it now labours under; and we may 
hope that these advantages will not be lost sight of. If it be 
true that the Government is about to send a large reflector to 
Australia to observe the southern nebulae, how desirable that 
it should also forward another to a tropical region for ob- 
serving the planets, and for making chromatic observations 
of the stars. The Australian telescope will have more than 
sufficient work with the nebulae, and the planets with their 
faint satellites will be low down in the north there, while we 
have them low in the south here; but the equatoreal telescope 
will have them in its zenith ; and it may be elevated on some 
table-land there far higher into the atmosphere than the 
Australian one can be. This is a very important matter where 
colours rather than brightness are concerned : for a want of the 
latter may be corrected merely by using a larger aperture; 
but a distortion of the former, once introduced, is utterly 
irremediable under the existing theory. 

The Melbourne Since the above allusion was printed in the Speculum Hart- 

telescope. , , 

welHanurriy the subject of the Southern Telescope has been 
repeatedly agitated, with a prospect of eventual success, 
although it has unfortunately hung fire. In the meantime a 
very unexpected event occurred. Sir Henry Berkly, Governor 
of the new and energetic colony of Victoria, wrote on the 23rd 
of July, 1862, to the Duke of Newcastle, the Colonial Secre- 
tary of State, that a commencement had been made for the 
erection of an astronomical observatory at Melbourne, and 
that a sum of 4,500/. had been voted by the local legislature 
for its completion; and, as it was also resolved to employ 
a telescope of greater power than any previously used in the 
southern hemisphere, he was desirous of obtaining the advice 
of the Eoyal Society towards efiecting this object. 

After much correspondence on this praiseworthy proposal, 
it was resolved that the telescope to be recommended should 
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Iks made by Mr. Grubb of Dublin, under the superintendence 
of Lord Rosse, Dr. Bobineon of Armagh, Mr. De la Rue, and 
Mr. Lassell. The estiniflte of Mr, Grubb for the probable coat 
of tlie instrument, two four-foot specula, a polishing- machine, 
and a one-horse power steam-engine, waa5,000;.; but, as seve- 
ral things in the construction were neceBBarily experimental, 
it was put at 6,000/. as a safety valve. 

These consultations were barely concluded when General '' 
Sabine, the President of the Royal Society, received a letter 
from Mr. William Lassell dated 22nd of July, 1863, couched 
in these terms: — 

On Ihe oecasion of mj temporar; visit to England, I have had the 

opportunity of looking into some of tbe correaponilence respecting the 
proposed lour- foot teleEcope for Melbourne, anil ia consoqui-'ncc I should 
be glad to be allowed to state that 1 do not intend to continue lay 
observatiotis with tbe telescope of this size now erected in Malta, and 
described in this oorrespondence, bejond tbe period of twelve, or at 
most eighteen, months from tbe present time ; and that, if this er[unCoreal 
should meet the requirements of the Melbourne Committee, 1 shall 
then be glad to place it at their disposal. 

Subsequently Mr. Lassell liimself explained, answering a 
query, that he means to place his grand telescope at the dis- 
posal of the Melbourne Committee as a gift, tliough under 
certain conditions which would satisfy him that it would be 
wisely and usefully employed; and while it remains to be seen 
whether this nobly liberal overture is duly accepted, all hands 
ought to remember Sir John Ilcrscbcrs logical declaration, 

"THE DATS THAT PASS BETWEEN THIS AND WHEN THE 
SURVEY OP THE SOUTHERN HEAVEN BEGINS, ARE EACH 
AN IRRETRIEVABLE LOSS TO ASTRONOMY I " 



We thus close our exhortations with a well-sounded and un- 
mistakable charge, from one of the ablest and moat zealous 
astronomers of ttie ago. Tliis awful warning would seem 
amply sufficient to make the sons of Urania bestir themselves, 
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at all events; and the amateurs of the present day are not 
only better furnished with efBcient telescopes than were their 
brethren of yore, but they are also stimulated and aided by 
trustworthy treatises available to all men — not as of erst 
written in the noli me taugere of crabbed quodlibets in a dead 
language. The incurring that irretrievable loss to science 
pointed out by Sir John Herschel, becomes the more heinous 
since, as just said, the means of observing have become so 
easily obtainable; and, what is more, we have attained a 
commanding station from which the labours of our worthy 
predecessors have rendered a further advance comparatively 
easy. Indeed there is so broad a basis of former work to 
rely upon, that we know exactly what to aim at now; and 
every successive stratum will help us to raise a pyramid of 
knowledge, the apex of which may finally reach the summum 
bonum of the cultivated mind's expectation. 



^l^^nim. 
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The tsBTANCE or the Double Stak 95 HEitcuua, and itb harriid 

VARIATIONB ra COLODB COMPLETELY PKOVBD. 



Aa this object constitutes a remnrkablo case of Sidereal Chromatics, Praiudo. 
in nhich Nature seems to have been canghtat her work, some 
account of the decided' mntatjons of colour recently detected in it 
bccomea necessary ; and the story may be related in a few words. It 
should, however, be premised that we are told (and it is liigliiy pro- 
bable), that light, when first emitted from the photospheres of the 
Bun and stars " should be in all cases identical, the difieronces of 
colour depending upon the differencea of constitiition of the in- 
vesting atmosphere :" but the Tariability of the hiies in question is 
still to be explained, since they cannot be satisfactorily accounted 
for by any prevaihng scientific theory. It is truly wonderful; and 
at the present status of the phenomenon, we can only ejaculate St. 
Augustine's rem villi, cavsam non vidi. 

Still it behoves us, like humble neophytes, not merely to wonder 
and worship, for that line of conduct would not adrance ns in the 
adoration due to our omniscient and omnipresent' Cbkator. We 
must endeavour to understand the glorious phenomena bo benig- 
nantly opened out to ns as portions of a vast design. Some fea- 
tures of nature may be more important for our comprehension than 
othcra, yet in our present nescience wo should patiently regard them 
all with equal care, and scrutinise them until their apparent mystery 
is nnveiled. When that happy consummation may occur, it is not 
for na to anticipatt* ; but in the meantime we recommend the path 
we have advocated, to be trod with zeal commensurate with the 
object. An evident cliange of brightness or of colour, in a sidereal 
system, may indicate a long period ; bnt tt may also prove a chain 
of pulsations, which, if apparently irregular to the inexperienced, 
may finally prove to bo regularly irregnlar. 
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At page 35 of this little work, it is mentioned that my son, 
Charles Piazzi Smyth, made his observations on the colours of the 
components of 95 Herculis in the year 1856, under impressions 
which occasioned much surprise to myself and others. At length, 
in the autumn of 1862, he, being on a visit to James W. Grant, 
Esq. of Elchies, on the banks of the Spey, took the opportunity 
of efficiently re-observing — among others — the pair before us, with 
that gentleman's fine equatoreally-mounted refracting telescope, 
of no less than 11 inches aperture. The following are the con- 
clusions arrived at by the interesting scrutiny; but to a general 
reader it may be necessary to explain that, under the heading ** Au- 
thority," tr means Struve using a small instrument, and S the 
same gentleman with the Dorpat 9-inch ; " Cycle " and " Spec. 
Hart." are from my observations, and " Guajara " and " Elchies " 
are those of C. P. Smyth : — 



95 HERCULIS. Approx. R.A. = Vl^ 55°» SS''; 
Decl. + 21° 35' 56" for Jan. 1, 1860. 
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" The ouvptitudeg may vaiy through half & magnitncie. E«iiurk» by 

" The colours vary astoni.shiiigly; and, as one of the mo«t remark- C P. Smjrtb, 
able caava in the heavens, may be treated at length. On my return 
from TeneriHb I had communicated the observed colonrs of this, 
amongst a series of other stare, to my father arid bis friends, and 
they seized on my eqnality of iho culoiirs of the two components of 
95 Heruolis, as the one great anomaly in my list, and dtief di- 
vergt^QCH from tlie Cycle, wlierc they ore extremely contrasted; and, 
■ereral observeni being called together the next eammer, they proved 
nsanimonsly that the Cycle was right. I remained, however, podtiTa 
that I had ohserveil the alleged eqnality, and on two nights; for, 
being surprised, and in a manner amazed at it, having promised on 
the strength of the printed description to show a bystander a cose 
of remarkably contrasted colonrs, I laboured to tiy to perceive some 
approach to them; bat, though certain strange flickeriiigs of colour 
appeared on one of the uight«, there was nothing to disturb the 
general eqnality of the two discs, and their close approach to whit«, 
or a light nentral grey. 

" All tliis time it is true that Sestini's observation of 184i was on Iw rod elunga 
record, pronouncing both the stars gold-yellow, bnt it was not 
nntil recently referring to Stnive'a original observations, which are 
partly given above, that I became convinced of this being a pair 
of cosmical and brilliant changers of colonr ; A passing 

from jbHow 

to gnjuh, ^m thM 

to jdlowiah with bins lin^, from thnl 

to grwnuh, frtim dial 

to ligbl green, fram IhM 

to liliht appla grvta. Into that 

U "utonuhing jtllow sreen," ui-l (rom Ih^t 

to jellow >guii, 

" in a jjcriod of probably twelve years, whilo B in the same lime 
posses 



lo gnjBli, bmn that 

to jtltDviih with rcrlHiih tinge, from (hat 

h) reditith, trom (hit 

to clierr; red, (ram that 

tu " tgrepavM re<1," and traio ihat 

to jbUow ■gain. 
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" Real physical changes, these, in each star, there can be no doubt ; 
and, though in this case the one colour is so generally the com- 
plement of the other, a case will be found farther on where one com- 
ponent of a double star goes through brilliant periodic changes of 
colour, without the other component very sensibly altering its tint.* 
Is it a binary *' In position and distance ^ fixity ^ and an optical character have 
system? hitherto been both assigned and confirmed to 95 Herculis ; but now, 

with the assistance of the Elchies observation and the B.A.C. 
proper motion, which does not make its appearance relatively be- 
tween the two components, I have the utmost confidence in de- 
claring the pair to be binary, and undergoing a slow retrograde 
movement in angle, of about 2? in forty years, roughly — a con- 
clusion which, though it must prove fruitless for ages in enabling 
the orbit to be approximated to, is nevertheless of vital consequence 
in studying the strange chromatic problem which the stars present." 

Notice from While the above exposition was being prepared for the press, the 

Bedford. 

changes in hue of 95 had been noted entirely independently at 
Bedford, by Captain John Higgens, who favoured me with the details 
before he could have possibly heard of the operations at Elchies. 
His statement is printed in the " Monthly Notices " of the Royal 
Astronomical Society for November 1863, from which publication it 
is here extracted : 



On the Colours of the two Component Stars of 95 Herculis. 

Mr. Higgens, in a letter dated Bedford, 17th August, 1863, addressed to Admi- 
ral Smyth, writes as follows : 

**" I beg to forward a few notes on 95 Herculis. 

" When I last saw the star, in the autumn of last year, the colours were as no- 
ticed in the Cycle : A, apple--green; B, cherry- red. 

'* I first saw it this year on the 23rd April, but the bright hues were not there, 
and greenish -white and pinkish-white were all I could affirm. 

" May 10th. Hues more fsdnt. I could only record them as dull white, both. 
A and B. 



* This alludes to that most interesting object 70 Ophiuchi, the B of which my 
son assumes to vary through a yariety of colours, at periods yet unascertained; 
and that yellow, green, violet, purple, and red, are permanently registered. But 
from many conditions of the case, I am persuaded we must await more observa- 
tions before conclusions can become at all satisfactory. 
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"Aug. 1st. A, grecniali-whitei B, yellowuli: bath cliiknging nifjlitlf till S5 Ho^ 
Aog. ] 3, when tliej eboweil as in tlie C^le i A, Bpple-green ; B, cheirj^rsd. A 
fiiBt ahawediigns ot doepening colour, tbo hues becomiag mora apparent evBrj 
night, H changing from fellow to red more rapidly, 

" It wfld not poBsililB to note nijjht liy night the amount ot cliangs ; hut it waa 
very palpable after an interval of Ibraa or four niglita, and oontinued bo till both 

"TheinstrumentBQsedH'eie. aSJ-ineh nuliroin^itic uith SO, and a 4-inch with 
116; bolb gloates by Cooke, of York." 

Admiral Smyth remarks : 

"The star in qneetion, 95 Hi^miis, a now a cmci: 
changing; and it has given eome little trouble, both 
already, in poring over the registered observations. 

"It is to be hoped that a Beld of research at once so elegant, easy, and usefi 
be followed np by some oF Iboae Fellowa of the Soeietj wbo possens bath 
and leisure to pursue the interesting inqairy." 



ilance of sidereal Mlour- 



"TheAstr 



the telescope." 



suggested to Admiral Smyth that the simulta- 
spiciouB, and looks like s possible change in 



Captain Higgens continued his wntch over this ohject, ilnring the Epoch of 
npparition of the present year, witli cummendahle pereeverance ; and 
on the 10th uf August wrote thus : — 

" I beg to forward tiie reaulta of ihirty-eigbl obaervationi of 95 llerculiB, maAa 
on diflersnt days from May 21sC to August 8ib, witb Cooke's aehronuitiG teleacoj>e 
of 4-inohei aperture aud 6-feet focus, under pawera 115 and 300. 

"Of the tbirty-eiglit observations eight are noted as simply normal, nineteen us 
shewing A fainter tlian last year when in full normal oolonr, and eleven as shew- 
ing both A and D fainter; and my impreasiou is, that they are not so vivid as they 
were last September, and that A shews more loss of colour than B, though neither 
to the extent of justifying their being clssstd us anything but normal, tliuugli 
somewhat falntish. 

" II has always struck me that Uie definition of Hieir colours in the Cycle, a slight 
upple-green and cherry-red, is the most graphical dtseription that could be ap- 
plied to these beautiful objects. I have watched them with great care and inte- 
rest, froni having had the good forluna last year of detecting the change of colour 
(rom while to their nomul condition, as reported to you.'" 



On the nth the Captain informed nie, " I received a letter frimi 
tlie Rev. Mr. Webh this morning, in wbich lie incidentally mentions 
95 Hcreulis as follows : — ' I fancied the other night the red decidedly 
more marked tlian the green.' Now, as I had not mentioned to him 
that I have been etigaged in observing 95 Hercnlis this ytar, I feel 
pleased at so independent a confirmation of my notatiou of A {green) 
being fainter than usual." 
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The Colours of Double Stars ab affected by the anomalies of 

RAYS arising FROM THE TREUORS AND OTHER EFFECTS — OF THE 

ATMOSPHERE. 

Of the atmo- In descending to the lower strata of the atmosphere, the reader 

should be informed that we here restrict the term to the portion of am- 
bient air next the Earth, which receives vapours and exhalations, and 
increasingly refracts the rays of light. Ptolemy had already remarked 
that the light of the stars underwent a change of direction in the course 
of passing through this terrestrial envelope ; and every observer is 
aware of its darkening effect, especially under high magnifying power. 
It therefore follows, that the pervading consequence of angular alti- 
tude is a paramount condition to be considered before the amateur ex- 
pends much time upon objects near the hoiizon, wherever he may 
happen to be located. On this account the diatribe was uttered 
against low stars (see antey page 46) ; though perhaps an occasional 
dip among the remote regions of the South may hereafter yield com- 
parisons in aid of further investigations of the phenomena — visible 
and invisible— of vapours. 

A conviction of this will very soon come home to the intelligent 
observer, who will shape a course accordingly, trimming agreeably to 
his means and intentions ; and his judgment must guide him in se- 
lecting objects for a systematic attack. Not even will a tropical 
climate fi'ee the spectator from these tremulous deceptions. On the 
contrary, the absence of aqueous vapour may be perceived by anybody 
to diminish the apparent steadiness of objects, in proportion to the 
amount of heat and distance from the eye. 

Meantime, as it is the most able discussion of the point that I 
am aware of, I will here extract my son's generalization of the argu- 
ment for our climate from the twelfth volume of the Edinburgh 
Astronomical Observations, page 466. 



ATM03PHBEIC EFFECTS. 
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" When we look at the broad disee of eitlier n 



an in the Argnnient of 
C, P, Smjtb. 
act of rising or Betting, the eolonring effects of the atmosphere are 

plainly risible on them, as every painter knows right well; and the 

same effects we might expect to witness on a star seen in a telescope 

under the same small angle of altitude; but, when we do actually Influenoa of 

look into such an instrument, the adrcntitious colour of the region jo^ altitaJes. 

for a surface of sensible size is generaUf overpowered by the 

prismatic effect on the mere point presented by a star, which ia 

thereby converted almost entirely into a spectrum of red on one 

side and blue on the other. Of course the observer attempts to 

eliminate these prismatic tints from, or rather takes no note of them 

Itt all in, the true cosmical colour of the centre of the stellar image ; 

hut does he succeed in eliminating both these and every other 

colouring effect of the atmosphere 1 To ascertain this point, I have 

taken all the stars observed on Teneriife in south declination, and, 

haviug strengthened them from some observations by Mr. J. W. 

Grant at Calcutta, and by Sir T. Maclear at the Cape of Good Hope, 

have compared them, in the matter of colour, with the best ob- 

eervations of north and middle Europe; and then, dividing them 

into three groups, of three different degrees of more and mure 

southerly position, we have as below : — 



Colours of Stabs .1 

Decl. 0°to- 10°. 



..,■. 


ftrlpo- 


'S~ 


£»r=p™ n>l«,r. 


Tri-frijia^dlndutn 


118 P. Ceti . . . 


A 

B 




Yellow 
Blue 


Strong jellow 
Warm grej 


146 P. Ceti. . . 


A 
B 


6-5 


Yellow 
Violet 


Yellow 
Pde violet 


32 Eridoni . . . 


A 

a 




Omnge 
Greenish 


Orange 

Grwnieh 


6 Aq«i!e . . . 


A 
B 




White 
Blue lilac 


Pftle ydllow 
Bluish 


^> Aquarii . . . 


A 
B 


4-a 


Orange jeilow 
I3lt>e 


lllue 
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CoLOURfi OF SXAIlft AH AFFECTED IIV AtMOHPHERE. 

Dccl. - 10*» t4) - 20°. 



Star. 
9 Herpentis . . . 


. rontfto- 
nentn. 


Magni- 
tude. 


Kumpean Colour. 

Greenish 
Coppery 


Ttneriffe and Indian 
CWour. 


A 
, ft 


4-5 
9-0 


Bluish 
Warm lilac 


185 P. Antinoi . . 


A 


9 


Yellow 


White 




B 


; 10 


Blue 


White 




C 


1 12 


Violet 


Blue 


186 P. Antinoi . . 


A 


7r> 


Whitish 


Yellow 




B 


9 


Blue 


Blue 


a^ Capricorn i . . 


A 
B 


3 
16 


Yellow 
Blue 


Yellow 
Blue 


t' Aquarii . . . 


A 
B 


6 
9-5 


White 
Violet 


IJght yellow 
Pale violet 


94 Aquarii . . . 


A 
B 


6 
8-5 


Orange 
Greenish blue 


Yellowish 
Faint lilac 


107 Aquarii . . . 


B 


6 
75 


White 
Bluish 


Pale yellow 
White 



Colours of Stars as affected by Atmosphere. 

Decl. - 20° to- 80°. 



Atmospheric 
effects per- 
ceptible. 



Star. 


Compo- 
nents. 


Magni- 
tude. 


European Colour. 


Teneriffe, Indian^ and 
Cape Colonr. 


et Scorpii . . . 


A 

B 


1 
11 


Fiery red 
Emerald 


Orange red 
Pure blue 


89 Ophiuchi . . . 


A 
B 


5-0 
7-5 


Orange 
Bluish 


Pale yellow 
Faint blue 


a, Piscis Austr. . . 


A 


1 


Reddish 


White 




B 


9-5 


Dusky blue 


Blue 



" Now, from the first of these lists, it would appear that all its five 
pairs of stars are coloured to European, almost precisely as to more 
southern, observers; and that, in so far, European observations of 
colour are quite safe down to 10 degrees below the celestial equator. 
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But in the second list, or from 10 to 20 degrees below the equator, 
three out of its seven stars show unmistakeablj symptoms of atmo- 
spheric colouration — ^yellowish being changed into orange, bluish into 
greenish, and white into blue. While in the third list, or from 20° to 
30® south declination, every star there shows, and in each of its com- 
ponents, the same effect to an increased degree — white being turned 
into reddish, pale yellow into orange, orange red into fiery red, and 
pure blue into bluish green, or dusky blue, as depending doubtless 
on variations of the lower atmosphere at the several times of ob- 
servation. 

*' Hence there can be hardly a doubt but that, in the important 8*'® l>™>*s for 

colour observa* 

physical question of the real colours of stars, no European ob- tions on stars, 
servations should be received below the fifteenth degree of south 
declination ; and that, if powerful spectrum analysis be employed, 
the range should not exceed the fifth degree, or just so far beyond 
the equator as may give a southern observatory, attending to the 
southern stars, a few common objects of observation for index 
differences. 

" Meanwhile, with regard to the Teneriffe and Elchies stars, it is 
most satisfactory to find, after throwing out the cases of atmospheric 
disturbance, that the rest are, on the whole, so very trustworthy 
and similar to both the * Cycle ' and F. W. Struve's colours, that, 
if a case of particular divergence be therein found, it is capable of 
being referred to a physical change of the star's real colour ; almost 
as confidently indeed as an eye observation of change of brightness 
may be assigned to a real change of * magnitude ;' and, con- 
sequently, renders the exact date of the chromatic phenomenon a 
necessary accompaniment to its description." 



|ostsrrJpt. 



On Nebulas. ALTHOUGH the cauBC is utterly unknown, and in the present stage 
of human cognoscence appears to be inscrutable, it is surmised that 
the exceptional bodies designated Nebulae have a connection with 
double-stars (see Arago'a Popular Astronomy, hook xi. chapter xxiv.) 
while, as to colours, I have noticed in them pale tints of white, 
creamy white, yellow, green, and blue. It therefore follows that 
these incomprehensible but palpable evidences of Omnipotent power 
and design are not unnecessarily hauled in and appended to our dis- 
sertation upon Sidereal Chromatics. 

It will be recollected by all who are really concerned about the 
matter, that, when the wondrous revelations of Lord Rosse were com- 
municated to the public, certain buzzing popinjays, who hang about 
and obstruct the avenues to the temple of science, vociferously pro- 
claimed that the Nebular Theory had received its coup de grace from 
the castle at Parsonstown. Now this crude conceit was assuredly not 
imbibed from his Lordship's statement, he having most pointedly said, 
that " now, as has always been the case, an increase of instrumental 
power has added to the number of clusters at the expense of the 
nebula3 properly so called ; still it would be very unsafe to conclude 
that such will always be the' case, and thence to draw the obvious 
inference that all nebulosity is but the glare of stars too remote to 
be separated by the utmost power of our instruments." 

In the Speculum Hartwellianum (pages 111-114) I gave my fully 
considered opinion on this head, showing the actual state of the 
question, and advocating that planetary nebulae diffuse patches of 
we know not what emanating light, and all the ** island imiverses " 
so profusely scattered in the abysses of space, should be competently 
watched for ages. Now those " Thoughts on the Nebular Hypo- 
thesis" were written in the year 1860, as an addendum to what I 
had already published on the same subject in my Cycle of Celestial 
Objects, It was therefore with pleasure, while this, the last sheet, 
is passing through the press, that I received a letter from my 
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unilagging friend Mr, William Huggins, in which Le tlms aimoTmceB On Nebulie. 
the couclusion arrived at from the inasi«rly experimeuts lately 
made at Tube Hill : " I fancy you will be interested in the result 
of some ohseirations I have recently made on the spectra of some of 
the nebuliE. I have obtained evidence, which I believe will be 
accepted as sotisfaotory, that certain of the nebiiiio (at present my 
list contains five PLANETAnv iiebiilte and the annular one in Lyra) 
are certainly not clasteri of stars. They are [irobably enormous 
masses of glaiding or ammoniacal gas containing comparatively small 
quantities of matter condensed into the liqnid or solid state. The 
obBervationa are now at the printer's, and I hope within a fortnight 
to send yon a copy of them. After the opinions which you have 
published, thiidiing you must bo greatly interested in the matter, I 
have ventured to trouble you with this note in anticipation." 

So enchanting a vista of successive discoveries has of late been 
thrown open to us, through following up the long-neglected un- 
ravelling properties of the Prism, and applying the delicate yet 
nneijuivocal test to the heavenly bodies, that a few familiar ex- 
planations of the spectra from so experienced a hand as Mr. Huggins 
may be acceptable to many an amatenr-gazer who is now en- 
deavonring on fine nights to interpret those brilliants. In expounding 
the subject, he thus popularly expresses himself: — 

"Tlie doA Bpaces duo lo interference aro supposed to lie produced bj llie Mr. Hugginj'ii 
action of light upon light — but the dark lines of tbe epvctrum I'j the sbaoqitivo explanation, 
action of Tspours or giues upon light. In tbe csie of interference ikccording to 
tbo andulatnry theory, when two waves of hooiogcneoDB light Trom Ibo Eame 
ioaroe, and proceeding l>j two different rentes a little unequal in length, meet 
in opposite phases of an undulation, they deslroj each otiicr's motion, and bo thero 
results a calm in tha lutnmifennis ether. When no waves daah upon the retina, 
the eye is without stimulus, and Ibis calm we cell darkness. 

" The present theor; of tbe nature and origin of the dark lines of the solar 
spectrum is quite recent. In 1S5S Balfour Stewart paltiabed a paper on the law 
of exchanges in radiant AAif, In (he following year the subject was token up 
b; KirchholT, who extended the theory to li^ht. The conclusion at whicli he 
arrived moy be Ihua staled : — When any auhslanco is heated or is rendered 
Inminons, rays of certain and deRnite degrees of re^^ngitiility am given ont by 
it, whilst the same substance has also the power of absorbing rays of these 
identical rpfran^bilities. Thus tbe light of burning sodium or glaiding, sodium 
vapour, cannot gel throngh tlie vapour of sodium, thongh lliis vapour ia wholly 
powerless to absorb or quench light of any retrangibility other than that which 
Bodinm vapour emits when heated till it is luminooa. In tliLs way the double 
line D of the solar spectrom can be experimentally produced. 

"IIuw is light absorbed by gas or vapour? The tlieory isai tiillows :-Tlie 
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Mr. Huggins^s atomB of a gas being freer to move than those of a liquid or a lolid, are capable 

explanation. of swinging or vibrating at certain definite rates only. These atoms have also 

the power of intercepting the waves which were excited by atoms swinging at 

the same rates, and these only. Thus atoms, the motions of which are saitable 

for the emission of red light, will stop red light, and so on.* 

** The maps accompanying my paper sliow the several distinct rates of vibration 
corresponding to the motions of the gaseous atoms of the elements described. 
Each line by its place in the spectrum indicates a definite wave-length, just as 
each note of a piece of music indicates a definite rate of vibration of the air. 
These maps may be termed the light-songs of the elements written down in notes. 
Absorption u therefore according to this theory a transference of motion from the 
ether to the material particles immersed in it. 

** Thus it appears when the light emitted from the solid or liquid photosphere 
of the sun has to traverse its atmosphere, crowded with vapours of different sub- 
stances, each vapour stops its own group of lines of light, and so the original light 
reaches us lessened by the aggregate of all the groups of all the vapours. Now, 
when this light is spread out by the prism, the dark doings of these vapours are 
revealed, and dark lines or dark spaces show the places where the light has been 
intercepted.^ 



«« 



Chemical ele* 
uienis. 



Such are the reasonable expectations of observational and ex- 
perimental science, as connected with the constitution of those 
substances which optical analysis afforded the means of discovering 
in the heavenly bodies. A reading of Mr. Huggins's statement 
to the Royal Society on the " Spectra of some of the Chemical 
Elements " will show the care and labour involved in constructing 
the Spectroscope apparatus with which he scrutinized gold, silver, 
thallium, cadmium, lead, tin, bismuth, antimony, potassium, arsenic, 
palladium, lithium, strontium, platinum, tellurium, osmium, rhodium, 
iridium, manganese, chromium, cobalt, nickel, and iron. In fine: 
if the pestilent earth-annihilating prophets who have recently 
frightened some old women, of both sexes, out of their wits, will 
but permit our globe to roll noiselessly on its axis for another 



* When two waves meet in the relative position shown in No. 1, in consequence 
of the opposite direction of their motion they are both destroyed. But when two 

No. 1. No. 2. 





waves meet in the relative position shown in No. 2, they co-operate, and there is 
a double amount of light. 

See also Professor Tyudall on '* Heat as a mode of Motion.''^ 
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century, astronomy will be found in possession of many realities 
which, in 1864, are only to be classed among the numerous de- 
siderata of Uranology. 



MORE ABOUT ALBIREO. 



In employing various eyes and instruments upon this fine double- fi Cygni. 
star, I was, of course, desirous of securing the evidence afforded by 
the powerful achromatic telescope at Greenwich. But it was only 
as this sheet is being concluded — considerably after the eleventh 
hour — that I received the reply ; yet it is of that interest to the 
question, that I here append it as received. 

Royal Observatory, Greenwich, London, S.E. 
1864, September 29, evening. 

My dear Sir, 

Various circumstances have impeded the examination of 
/3 Cygni, but here I send it at last. You may depend upon the 
result as accurate; it has been carefully referred to an accurate 
standard. 

I give it, on the other leaf, in the words in which it was given 

to me. 

I am, my dear Sir, 

Yours most truly, 

G. B. AIRY. 

Admiral W. H. Smyth. 

Examination of the Colours of /3 Cygni, 
September 28, 1864. 



Observations by Mr. J. Carpenter. 

" The large star is bright yellow, about the colour of that part of 
the solar spectrum situate at a point about one-eighth of the dis- 
tance between Frauenhofer's D and E, reckoning from D towards 
E. (Sensibly the same colour as the flame of a hand-lamp fed 
with Colza oil). 

" The small star is pale blue, about the colour of that part of the 
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fi Cygni. spectrum which is crossed by line F. (Sometimes it was suspected 

that the light of tliis star had a slightly greenish tinge.) 

** These comparisons were made on two evenings with a drawing of 
the spectrum by M. CJheyreul, in his * Expos^ d'un Moyen de d^finir 
ct de nommer les Couleurs/ and this drawing was afterwards com- 
pared with the solar spectrum itself at the points used for the star 
comparisons, and was found to be accurate. 

" When the eye-piece was pushed within the proper focus, the con- 
trast between the colours of the discs seemed more striking than 
when the proper focus was used ; and, when the eye-piece was pulled 
out beyond the proper focus, the contrast seemed less striking. 

" The colours were most strongly contrasted with low powers, as 
they were also when the image was viewed without any eye-piece. 
With higher powers the colours became a little more nearly similar, 
the yellow star seeming to retain its colour, but the blue becoming 
a little yellowish in its centre." 

The ending. One word in conclusion. With all my admiration of the 

marvellous and extensive power of Chemistry in disintegrating 
the nature and properties of the elements of matter, I really 
trust it will not be exerted among the Celestials to the dis- 
service or detriment of measuring agency; and this I hope 
for the absolute maintenance of Geometuy, Dynamics, and 
pure Astronomy. 
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Aberration for Yarious objects, 40 
Absorption of light, 87 
Achromaticity of object-glass, 47 
Agreement of Cycle and Struve, 85 
Airy on j3 Gygni at last, 89 
Albireo or fi Cygni, 65, 71 

from Greenwich, 89 

Alta Vista, in Teneriffe, observations 

made there, 32 
Altitude always to be considered in 

noting for colour, 46 
Ammonio-sulphate of copper blue, 67 
Analysis of sidereal colours, 32 
Ancient notions of the stars, 13 
y Andromedas among the anomalies, 31 
Anomalies sometimes only apparent, 31 

from atmosphere, 82 

Angle in Astronomy, 42 
Aplanatic by Home, 59 
Appendix No. I., 77 

No. II., 82 

Aqua coelestis, an alchymical name, 61 
Assumed instance of a sudden star, 42 
Astronomische Nachrichten, 23 
Arago on refrangible stars, 13 

quoted on the colour of starsj 18 

Couriers' spectrum, 42 

insufficiently exact, 45 

popular astronomy quoted, 86 

Argument resumed on the changes of 

colour, 43 
Astrometry by Sir J. Herschel, 38 
*Astronomer Royal on the spectrum, 53 

his suggestion, 81 

Atmosphere, errors arising from it, 46 
Atmospheric effects, 82 



*Atomic Dalton, the Quaker, 71 
Atoms intercepting waves of light, 88 
Augustine's ejaculation, 77 
Author's endeavours to be exact, 45 
Australian telescope. 72 

Bacon says ** recte scire,*' &c. 43 
Barkly, Sir H. Governor of Victoria, 72 
/3 Cygni, its colours, 55 
Bedford Catalogue on colours, 23 
Bedford and Teneriffe colours com- 
pared, 33 
Bichromate potassa yellow, 67 
Billions of vibrations by light, 37 
Binary, ? 95 Herculis a doubtful one, 80 
Bird on fi Cygni, 62 
Bishop's assistant observer, 69 
Blindness relative to coloui*, 71 
Blue, some of the smallest stars, 15 

stars least numerous, 15 

stars not observed or recorded by 

the ancients, 16 

is the coldest colour, 37 

of j3 Cygni how estimated, 67 

Bradley, how to be received, 65 
Brewster, Sir D. on sidereal spectra, 31 
Brightness and colours connected, 44 
Brisbane, Sir Thomas, his observations at 

Paramatta, 17 
'* By many blows," &c. 39 

Carpenter's comparison of colours, 89 
Carr, T. W. on 95 Herculis, 35 
a Centauri, a well-known star, 39 
Change of colour instanced, 17 
with distance, 38 
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Change of colour in 95 Herculia, 77 
Changes of hue in 95 Herculis, 79 
Chemical elements detected by the 

spectra, 88 
Chemistry allied to astronomy, 58 
Chevreul on chromatography, 49 

quoted by Carpenter, 90 

Chromatic diagram proposed, vii. 
■ personal equation, 85 

grades should be familiar, 48 

Circumpolars good at all seasons, 46 
*Collegio Romano, residence of Padre 
Secohi, 25 
Colour, how to be determined, 47 

blindness described, 71 

Colours of multiple stars, v. 

refhicted by the prism, viii. 

contrasted, see Herschel II., 17 

how proportioned, 23 

described by Thomson, 23 

sensible only to a fresh eye, 25 

in succession, 43 

and brightness are connected 

in alternations, 44 

not reducible to one principle 



of Chromatics, 49 
diagram of, 54 



Colza oil flame yellow of fi Cygni, 89 
Comets not alone the objects pursued 

by De Vico, 26 
Combustion indicated by the stars, 18 
Comparative magnitudes* 37 

number in colour, 14 

Components of 95 Uerculis, 80 
Complementary tints, 14 
Constancy in angle and distance, 66 
Contrast of colours in some stars, 50 
Cooke of York, his telescopes, 81 
Cor Caroli examined for colour, viiL 

observed at Hartwell, 50 

Cortez made his followers desperate, 52 
Creator to be studied in his works, 77 
Crimson star discovered by Hind, 19 
Curves of light require diligence, 21 
Cycle quoted on double stars, 13 
continued at Hartwell, 22 



Cycle quoted on 95 Herciilis, 78 
quoted on the nebulae, 86 

Dalton's defecUve sight, 15, •71 
Dark field essential for colours, vi. 
Dawes quoted on star tints, 85 

on fi Cygni, 59 

Dead language devoted to science, 74 
Decimal proportions of light- waves, 41 
Decision in observation enjoined, 88 
De Coverley's maxim very convenient 

in cases of doubt, 19 
Deductions from star tints difficult, 16 
Defective sight as to colours, 15 
*De Morgan, Professor, quoted, 66 
De Vice's 29 stars, 28 

died in London, 25 

his observations at Rome, 85 

Diagram of colours, 54 

* of the undulatory theory, 88 

Difficulties must not alarm, 88 
Direct and incidental colours, 54 
Discussion of the Teueriffe and Bedford 

colours, 35 
Distribution of coloured stars, 23 
Divergence of colour observation, 86 
Double stars permanent, 20 
Dugald Stewart on vision, 16 
Dunlop*s Catalogue of Blue Stars, 17 

Eclipses of Jupiter's satellites, 39 
Edinburgh Astronomical Observations 

quoted, 82 
•Electric spark quoted by Secchi, 25 

light, experiments on, 40 

spark like a star, 43 

Elevated regions best for telescopes, 53 
Elgin's, Lord, researches in Greece, 52 
Emission of undulation, 40 
Error, the principal sources of, 45 
Estimate for the telescope, 73 
Etna recommended to Lassell, 32 
European observations compared with 

southern, 84 
Experience of the author, 45 
Experiments by Mr. Huggins, 87 
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" Expose d-un Mojen de dfflnir," &c. 


Hebe'a elemenU by Dr. Luther, dS H 


CUvreut, 90 




Extinclionofi»«tor, 13 


B5 Hewulis, B iteady douhle-nlar, 21 






E^e wben btigaed ngt iTuatworlb;, t. 


. its coloum, 35 


appliod to one purpose only, 4T 


, obBervaiiooB of. 60 




, inslancod for change, 77 


Eye«, thdr yarioiu detwW, 25 


Hermhel, the elder, v. 




I. saw most stars reddlali, 15 




I. his reflectors coloured, 31 




Sir W. on 3 Cygni, 69 






Fiery itar seen by Hind in ] 815, 20 


— quoted on light, 37 


Fin J finding, or mean of colour., VO 


on the southern stars, 38 


Piiher, Bov, G. on fl Cygni, 70 


Sir J. on e Cygni. S8 


FiiityofflCjgni, fl5 




Fletchar quoUd on star linM, 85 


on the value of lime, 73 


Flotcher on g Cjgni, 83 






, obsarver of coloura, 80, 81 


Focus, it. influence on t-oloars, 90 




Fog during (be minimum of a sl«r, 19 


Hill on 3 Cygni, 64 


FrauenhotSr of Miuiioli-Bme»Kiresof the 


Hind on li Cygni, «8 


rsya of tbe aolsr spectrum, 53; bb 


Hind's ruddy tinted Mars, 1 9 


spectral lines referred to, 89 






as by a prism, 40 


error, 10 


Home :ind Thomthwaile, 59 -m 




Hough, Mr., on p Cygni, 65 J 
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George-town College in America, refuge 


new. 45 ■ 
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Uadd:irt, CnpL on defective sight. 16 H 


Goethe, hia theoiy erroneous, M 


Huggins on the coloum of ^ Cygni. 67 H 


slep» out of lii* province, i2 






Huygbens- HuO power, On H 


quired fur stars, 18 


Hypothesis on the Nebulie. S6 H 


Grant of Elchic«, liit lelewppe, U 
by Amgo, 13 




Gregorian tclaeopo i.t Hanwell, 49 
Grnbb of Dublin, T3 

there, 33, 78 


must lie noted, 25 ^M 

Incidental and direct coloura, 6< ^^^^^| 
Initiatory remarks on IS ^^^^| 


Harmony of coloura. 37 


— advanaga, 54 ^^^H 


Butwell and Madr«> Atlas. '21 
sidereal etpsrimenl, 49 


Jewell not for 48 ^^^H 


Iltrbc snsperted by W, H. Smyth. B? 


Kircbhuir and G3 ^^^^H 
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Kirchhoffon light, 87 
Koott on fi Cygni, 61 

Lduliet mmj aid in naming coloun^ 26 
LaatcU advised to obaervo on Etna, 32 

, hit noble offer, 73 

Lee on fi Cygni, 63 

L'Envoy, 73 

Liberal offer of Dr. Lee, vii. 

Light to be avoided in olMerving, 47 

Limits of latitude for colour, 85 

Liat of fancy colours, vi. 

Lockyer, Mr. N. on fi Cygni, 70 

Low powers show most contrast, 90 

stars to be eschewed, 46 

stars show false colours, 47 

stars to be avoided, 82 

Lucky individuals, occasional, 66 
Lusieri employed by Lord Elgin, 52 
Luther on the elements of Hebe, 08 

Macro-micro power, 60 

Main on ^ Cygni with Heliometer, 69 

*Male light imparted by the Sun, 87 
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